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PREFACE. 


Although  the  electricity  meter  forms  the  most  important  link  in  the  chain 
connecting  the  supply  station  with  the  consumer,  comparatively  little  has 
been  written  on  the  subject  in  this  country.  It  is,  therefore,  hoped  that  the 
present  work  may  supply  what  is  w^anting  in  this  respect,  and  that  some 
original  matter  may  be  found  in  the  same,  especially  in  connection  with  the 
limitations  of  three- wire  meters,  of  single-phase  meters  for  polyphase  circuits, 
and  the  results  obtained  with  polyphase  meters  incorrectly  installed. 

For  the  sake  of  convenience,  the  meters  described  in  this  book  are 
divided  into  three  main  classes — viz..  Continuous  current,  Induction,  and  Tariff 
meters — arranged  in  eight  chapters,  corresponding  to  the  following  eight  sub- 
divisions : — Continuous  current  quantity  meters  :  Continuous  current  energy 
motor  meters  (without  iron  in  the  field  or  armature) :  Continuous  current 
energy  meters  of  different  types :  Continuous  current  meters  for  special 
purposes  (battery,  switchboard,  and  tram-car  meters) :  Single-phase  and  poly- 
phase induction  meters  :  Tariff  and  prepayment  meters.  The  general  prin- 
ciples involved  are  explained  in  three  separate  chapters,  which  precede  the 
descriptions  of  the  meters  belonging  to  the  three  main  classes  as  stated  above. 

As  the  proper  working  of  a  meter  depends  on  its  mechanical  as  well  as  its 
electrical  design,  a  special  chapter  is  added  in  which  the  more  important 
mechanical  features  of  meter  construction  are  pointed  out,  only  the  electrical 
details  being  given  in  the  actual  descriptions  of  the  various  types.  A 
chapter  on  Testing,  and  an  introductory  chapter  containing  a  few  remarks 
relating  to  meters  in  general,  are  also  included. 

After  careful  consideration,  it  was  not  deemed  necessary  to  include  an 
historical  survey  of  the  evolution  of  the  electricity  meter.  The  general 
design  of  electricity  meters  is  at  the  present  day  fairly  well  established,  the 
improvements  being  more  a  matter  of  detail  and  mainly  of  a  mechanical 
nature,  so  that  no  purpose  is  served  by  giving  descriptions  of  obsolete  forms 
of  meters,  however  ingenious  their  construction  and  interesting  from  a  purely 
historical  standpoint.  With  the  exception  of  those  meters  which  form  the 
basis  of  present-day  practice,  the  designs  were  on  lines  which  are  no  longer 
followed. 

The  main  difficulty  in  writing  a  book  of  this  description  is  the  well-nigh 
impossibility  of  keeping  absolutely  up  to  date.     The  author  has,  however, 
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endeavoured  to  embody,  as  far  as  possible,  the  latest  improvements  in  the 
descriptions,  and  to  include  only  those  meters  which  are  in  commercial  use  in 
this  country,  on  the  Continent,  and  in  America.  It  is  not  pretended  that  the 
list  of  such  meters  has  been  in  any  way  exhausted,  but  it  is  trusted  that  a 
sufficient  number  of  the  more  important  types  has  been  given  to  enable  the 
reader  to  become  conversant  with  the  methods  adopted  to  obtain  a  reliable 
and  accurate  commercial  meter  for  different  purposes. 

No  pains  have  been  spared  to  make  each  chapter  as  comprehensive  and 
complete  as  practicable  within  the  scope  of  the  book,  and  to  separate  the 
mathematical  principles  from  the  purely  descriptive  matter.  The  latter  is 
not  possible,  however,  in  treating  polyphase  meters. 

Special  attention  has  been  devoted  to  the  detailed  proofs  of  the  power 
absorbed  in  a  polyphase  circuit,  as  it  is  not  easy  to  deduce  from  the 
instantaneous  values  the  form  of  the  equation  for  the  power  absorbed  when 
the  values  of  the  currents  and  pressures  are  those  actually  measured. 

In  conclusion,  the  author  begs  to  thank  the  numerous  manufacturers  and 
engineers,  both  here  and  abroad,  who  kindly  supplied  him  with  information, 
drawings  and  blocks,  and,  in  many  cases,  submitted  samples  of  meters  for 
inspection  and  testing. 

H.  G.  SOLOMON. 


5,  Victoria  Street, 
Westminster,  S.W.,  Jammry  1906. 
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CHAPTER  1. 

Introductoky  and  General  Eemarks. 

Function  of  an  Electricity  Meter — Classifications  of  Meters — Importance  of  Meters — Some 
Requisites  of  a  Meter — Accuracy — Error  Limits — Board  of  Trade  Error  Limits —Error 
Limits  of  the  Pliysikalisch-Technische  Reichsanstalt,  Germany  —  Permanency  of 
Calibration — Guarantee— Series  and  Shunt  Losses— Criterions  of  a  Meter — Selection  of  a 
Meter — Capacity  of  a  Meter — Meters  approved  by  the  Board  of  Trade. 

Function  of  an  Electricity  Meter. — When  a  commodity  is  supplied  to  con- 
sumers for  illuminating,  heating,  power,  or  other  domestic  purposes,  it  is 
necessary  to  accurately  determine  the  amount  of  the  commodity  so  used,  and 
for  this  purpose  measuring  instruments,  called  meters,  are  installed  on  the  con- 
sumers' premises.  In  the  case  of  an  electricity  supply  the  commodity  is 
electrical  energy,  and  the  meter  is  then  termed  an  electricity  meter,  the 
function  of  which  is  to  register  the  electrical  energy  which  is  used  in  a  given 
time  in  any  circuit  in  which  flows  a  current  of  electricity.  The  meter  does 
not  necessarily  measure  electrical  energy  direct ;  it  measures  either  this 
electrical  magnitude  or  electrical  quantity. 

In  either  case,  however,  it  registers  in  terms  of  the  supply  unit  of  electrical 
energy.  In  other  words,  the  difference  between  two  readings  of  the  scale, 
dials,  or  counter  of  the  registering  part  of  the  meter  gives,  within  certain  error 
limits,  the  amount  of  the  electrical  energy  consumed  in  a  given  period  in 
terms  of  the  supply  unit,  generally  without  the  use  of  a  multiplier,  the  two 
readings  being  taken  at  the  commencement  and  termination  of  the  period 
under  consideration.  The  supply  unit  in  this  country  is  the  Board  of  Trade 
(B.O.T.)  unit,  one  B.O.T.  unit  being  equal  to  one  kilowatt-hour,  or  1000  watt- 
hours.  In  France  the  hectowatt-hour  is  largely  used  (one  hectowatt-hour  equals 
100  watt-hours),  and  in  Germany  and  America  the  unit  is  the  kilowatt-hour. 

Classifications  of  Meters. — According  to  the  electrical  magnitude  to  be 
measured,  the  instrument  is  termed  an  energy  meter  or  a  quantity  meter. 

An  energy  meter  is  more  usually  spoken  of  as  a  watt-hour,  and  a  quantity 
meter  as  an  ampere-hour  meter. 

As  the  unit  of  electrical  energy  in  this  country  with  reference  to  meter 
registrations  is  the  kilowatt-hour,  the  term  ^kilowatt-hour  meter'  is  pre- 
ferable to  the  one  ^ivatt-hour  meter,'  commonly  used. 

The  operation  of  an  electricity  meter  depends  on  one  or  other  of  the  well- 
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known  thermal,  chemical,  and  electro-magnetic  properties  of  a  current  flowing 
in  a  conductor,  and  meters  may  be  classified  accordingly  as  thermal,  electro- 
lytic, and  electro-magnetic  meters.  The  thermal  principle  is,  however,  only 
used  in  meters  for  specific  purposes,  such  as  maximum  demand  indicators. 
An  electrolytic  meter  is  essentially  an  ampere-hour  meter,  and,  from  the  nature 
of  electrolytic  action,  can  only  be  used  for  direct  currents.  Electro-magnetic 
meters  may  be  variously  divided  into  motor  meters,  in  which  a  continuous 
rotation  of  the  moving  element  of  the  meter  is  produced ;  meters  with  inter- 
mittent integration ;  clock  meters,  in  which  the  pendulum  of  a  clock  is  acted 
upon  electro-magnetically ;  and  oscillating  meters,  in  which  an  oscillatory 
motion  is  produced  instead  of  one  of  rotation.  In  general,  electro-magnetic 
meters  may  be  used  both  on  continuous  and  alternating  current  supply  net- 
works, provided  they  contain  no  iron  in  the  electro-magnetic  system  used  in 
the  meter  to  produce  motion  or  influence  motion  already  existing.  There  is, 
further,  an  important  type  of  meter  which  is  based  on  the  principle  of  induc- 
tion, and  which  is  only  applicable  to  alternating  currents.  Electro-magnetic 
meters  may  measure  ampere-hours  or  watt-hours,  but  induction  meters,  as  a 
general  rule,  measure  energy  only. 

Although  more  meters  based  on  the  principle  of  intermittent  integration 
have  been  devised  than  any  other  type,  they  are  not  used  at  the  present  day. 

For  this  reason  they  will  not  be  described,  with  the  exception  of  the  inter- 
mittent meter  manufactured  by  the  Siemens-Schuckert  Werke,  who,  however, 
supply  this  type  mainly  for  special  work,  as  a  battery  or  switchboard  meter. 
A  description  of  it  has  been  included  in  Chapter  VL,  dealing  with  continuous 
current  meters  for  the  registration  of  the  outputs  of  lighting,  power,  and 
traction  systems,  the  charge  and  discharge  of  batteries,  and  the  energy  used 
on  tram-cars.  The  intermittent  principle  is  used  in  the  Merz  maximum 
demand  indicator  and  the  Aron  maximum  demand  instrument,  w^hich  belong 
to  the  special  class  of  tariff  meters  described  in  Chapter  XII.  An  inter- 
mittent meter  consists  usually  of  any  type  of  ammeter  or  wattmeter  in  com- 
bination with  a  clockwork  mechanism,  which  integrates  at  intervals  the 
deflections  of  the  ammeter  or  wattmeter. 

With  reference  to  the  system  of  charging,  meters  may  be  distinguished  as 
maximum  demand  indicators,  two-rate,  hour,  and,  finally,  prepayment  or 
automatic  slot  meters.  Hour  meters  are  not  electricity  meters,  i.e.  they  do 
not  measure  any  electrical  magnitude,  but  register  the  hours  during  which 
current  flow^s  in  an  installation.  They  are  mainly  used  in  connection  with 
special  tariff  systems,  and  in  this  respect  form  a  most  important  adjunct  to 
the  ordinary  electricity  meter.  In  certain  cases  they  take  the  place  of  the 
latter,  when  the  load  of  the  circuit  is  constant,  or  approximately  so,  and  the 
units  consumed  are  then  simply  found  by  multiplying  the  product  of  the 
know^n  value  of  the  current  in  amperes  and  the  pressure  in  volts  (both  sup- 
posed constant)  by  the  number  of  hours,  as  given  by  the  hour  meter,  and 
dividing  the  result  by  1000.  An  hour  meter  consists  usually  of  a  balance 
wheel  clock  with  an  integrating  dial.  The  clock  can  only  go  when  the 
balance  wheel  is  freed  on  the  passage  of  a  current,  and  it  stops  when  the 
current  is  interrupted. 

Importance  of  Meters. — The  whole  revenue  of  an  electricity  supply 
company  or  corporation,  derived  from  the  sale  of  electrical  energy,  is  depend- 
ent on  the  use  of  electricity  meters  of  some  type  or  other.  The  great  im- 
portance of  the  meter  will  be  at  once  manifest,  not  only  as  regards  its  effect 
on  the  revenue  of  the  supply  company,  but  also  from*  the  point  of  view  of  the 
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consumer,  who  by  its  aid  can  at  any  moment  ascertain  how  many  units  he 
has  taken,  and  by  multiplying  this  amount  by  the  rate  per  unit,  arrive  at  the 
cost  of  his  electricity  consumption.  The  meters  installed  in  an  electricity 
station  enable  the  total  energy  generated  to  be  accurately  ascertained,  from 
which  the  losses  of  the  particular  system  are  easily  deduced.  It  is  not 
sufficient  to  use  meters  on  the  main  bus-bars  only,  but  each  feeder,  whether 
supplying  current  for  lighting,  power,  or  traction,  should  be  provided  with  its 
own  electricity  meter.  Moreover,  the  feeder  meters  in  the  station  should  be 
comparable  with  those  on  the  circuits  controlled,  i.e.  they  should  all  measure 
the  same  electrical  magnitude.  The  sum  of  the  readings  in  units  of  the 
house-service  meters  represents  the  total  energy  sold,  whatever  the  system. 
The  difference  between  the  sum  of  the  feeder  meter  readings  and  this  total  is 
taken  to  represent  the  losses  which  occur.  When  the  supply  is  a  continuous 
current  one,  at  approximately  constant  pressure,  ampere-hour  meters  are  very 
extensively  used.  In  this  case,  if  the  feeder  meters  measure  watt-hours  and 
the  house-service  meters  measure  electrical  quantity  but  register  in  iniits, 
then  this  difference  will  not  represent  the  true  losses.  Whatever  the  system, 
only  energy  meters  should  be  used  on  the  bus-bars,  or  in  the  generator  circuits  ; 
the  feeder  meter  should  also  be  an  energy  meter,  except  in  those  cases  where 
the  circuits  controlled  by  the  feeder  are  supplied  with  ampere-hour  meters, 
and  then  two  meters  in  series  should  be  used,  the  one  measuring  watt-hours 
and  the  other  ampere-hours.  It  is  most  essential  to  be  able  to  accurately 
determine  the  ratio  of  the  units  generated  to  the  units  sold,  and  this  can  only 
be  satisfactorily  ascertained  by  the  aid  of  meters.  Moreover,  too  many  of 
these  measuring  instruments  cannot  be  used,  and  their  readings  should  be 
systematically  taken  and  recorded. 

Some  Requisites  of  a  Meter.— An  electricity  meter  is  essentially  a 
commercial  apparatus,  and  is  used  by  every  station  in  large  quantities.  It 
has  to  be  capable  of  often  standing  comparatively  rough  treatment,  and  at 
the  same  time  must  possess  the  accuracy  of  a  laboratory  instrument.  The 
most  important  of  the  many  requisites  of  a  good  commercial  electricity  meter 
are — accuracy ;  permanency  of  calibration ;  reliability  of  working,  whatever 
the  nature  and  magnitude  of  the  load ;  low  internal  losses ;  independence  of 
temperature  variations,  external  mechanical  and  magnetic  disturbances ; 
absence  of  creeping,  i.e.  shunt  running  (this  latter  condition  applies  only  to 
watt-hour  meters)  ;  low  starting  current :  and  large  overload  capacity. 

A  meter  should,  in  addition,  be  light,  portable,  and  of  sound  mechanical 
construction ;  the  importance  of  the  latter  cannot  be  over-estimated. 
Although  it  is  a  truism  that  the  more  simple  a  piece  of  apparatus,  the  more 
reliable  it  is,  and  the  less  likelihood  there  is  of  its  becoming  deranged,  this 
is  not  a  sufficient  reason  for  condemning  a  meter  the  internal  arrangement  of 
which  may  be  complicated,  provided  that  the  greater  complexity  ensiu'e 
greater  accuracy  and  reliability  and  wider  range,  other  conditions  remaining 
unaltered,  and  the  cost  be  not  materially  increased.  The  advantage  of  the  same 
meter  being  suitable  for  both  alternating  and  direct  current  is  one  which,  at 
the  present  day,  is  of  very  little  value,  as  continuous  current  commutator 
motor  meters,  without  iron  in  the  field  or  armature,  are  no  longer  employed 
for  the  registration  of  electrical  energy  in  alternating  current  circuits,  having 
been  superseded  by  the  induction  motor  meter.  Continuous  current  meters 
of  the  commutator  type  are  in  many  instances  still  working  on  alternating 
current  circuits,  chiefly  in  mixed  supply  systems ;  but  even  in  this  case,  as 
they  become  faulty,  they  are  replaced  by  induction  meters. 
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In  connection  with  induction  meters,  it  is  most  important  that  they  should 
be  adjusted  to  read  correctly  on  reasonable  power  factors.  For  ordinary 
practical  purposes  a  limit  should  be  imposed  to  the  power  factor  of  an  alter- 
nating current  circuit,  and  should  not  be  lower  than  0-5.  It  is  also  requisite 
that  all  current-carrying  parts  of  a  meter  should  be  highly  insulated  from  one 
another  and  from  earth.  The  constant  of  an  energy  meter  should  not  be 
appreciably  altered  by  voltage  fluctuations  not  exceeding  10  per  cent,  below 
or  above  the  normal  pressure.  In  the  case  of  an  alternating  ciu-rent  energy 
meter  the  constant  is,  in  addition,  dependent  on  the  frequency  of  the  supply 
current,  and  it  should  not  be  appreciably  altered  by  a  ten  per  cent,  increase 
or  decrease  in  the  normal  periodicity  of  the  circuit. 

Whatever  the  merits  of  the  electrical  design  of  a  meter,  unless  it  be 
efficiently  protected  against  mechanical  damage,  and  from  the  access  of  dust, 
moisture,  and  insects,  it  will  rapidly  deteriorate.  A  meter  should  be  as  cheap 
as  is  compatible  with  the  production  of  a  reliable  commercial  instrument 
having  a  high  degree  of  accuracy. 

Accuracy. — It  is  most  essential  that  a  meter  should  be  accurate,  so  that 
its  registrations  should  represent,  within  reasonably  small  error  limits,  the 
actual  units  consumed.  The  same  degree  of  accuracy  cannot,  however,  be 
expected  throughout  its  entire  range.  The  accuracy  obtainable  depends  on 
a  number  of  factors,  such  as  the  electrical  design,  the  precautions  taken  to 
eliminate  as  far  as  practicable  the  disturbing  influences  inherent  to  the 
diff'erent  types,  the  principle  of  working  of  the  meter,  and  the  cost  of  manu- 
facture. In  electrolytic  meters  of  the  shunted  type,  the  causes  which  adversely 
affect  the  meter  are — back  E.M.F.,  a  varying  ratio  between  the  shunt  and 
cell  circuit  resistances,  temperature  variations,  the  formation  of  crystals,  and 
the  degree  of  purity  of  the  electrolyte  used.  In  motor  meters  the  accuracy 
depends  on  the  driving  torque  exerted  by  the  electrical  system  on  the  moving 
element,  friction  (solid,  or  both  solid  and  liquid),  temperature  variations,* 
and  the  constancy  of  the  permanent  magnets  used,  if  any. 

In  a  motor  meter,  the  moving  element,  the  armature,  is  rotated  by  means 
of  the  driving  torque  (turning  moment)  exerted  on  it  by  the  electrical  system 
used,  and  the  speed  of  the  armature  should  be  proportional  to  the  power  or 
current,  according  as  the  meter  is  of  the  watt-hour  or  ampere-hour  type. 
This  result  is  obtained  by  combining  wdth  the  motor  a  suitable  brake  system, 
which  in  general  consists  of  the  well-known  magnetic  brake,  the  retarding 
torque  of  w^hich  is  proportional  to  the  speed.  The  magnetic  brake  consists 
of  a  disc  which  is  rotated  in  the  magnetic  field  produced  by  a  permanent 
magnet.  The  motor  meter  may  then  be  regarded  as  a  motor  generator,  the 
generator  being  a  magneto-dynamo  with  a  short-circuited  armature.  The 
work  the  motor  does  consists  in  driving  the  short-circuited  dynamo  and  the 
integrating  mechanism,  and  in  overcoming  the  frictional  resistances  to  motion. 
In  the  case  of  the  perfect  meter  the  whole  work  done  by  the  motor  is 
absorbed  by  the  dynamo,  or  magnetic  brake,  in  which  case  a  direct  ratio 
exists  between  the  speed  and  the  power,  or  current,  throughout  the  range 
of  the  meter. 

The  driving  torque,  which  depends  on  the  design  of  the  electrical  system 
used,  should  be  made  as  high  as  possible,  permitting  a  heavy  magnetic 
drag,  so  that  the  work  absorbed  in  overcoming   friction  is,  by  comparison, 

*  For  alterations  in  the  constants  of  meters  due  to  variation  in  tem])erature,  see  G.  W.  D. 
Ricks,  British  Association,  1896,  and  Hoo])er,  Electrical  World  (N.Y.),  vol.  xxi.  p.  384, 
1898. 
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negligibly  small.  The  maximum  effect  is  aimed  at  with  the  least  expenditure 
of  power  in  the  meter  itself,  and  especially  as  regards  the  waste  of  power  in 
the  pressure  circuit  of  an  energy  meter.  In  a  commercial  meter  the  straight 
line  law  is  not  obtained  on  account  of  friction,  which,  moreover,  is  not  constant, 
but  is  of  a  variable  nature  at  light  loads,  at  which  its  effect  is  mainly  felt. 
Various  devices  are  used  to  render  the  disturbing  influence  of  friction  negli- 
gible, and  most  of  these  are  enumerated  in  the  descriptions  given  of  the  meters. 
In  the  case  of  a  watt-hour  meter  the  driving  torque  depends  on  the  practi- 
cally constant  shunt  field,  produced  by  the  pressure  ampere-turns  of  the 
meter,  and  on  the  main  current  field.  There  is,  to  a  great  extent,  a 
limit  imposed  on  the  driving  torque,  from  considerations  of  cost  and  shunt 
losses,  and  this  should  be  borne  in  mind  in  connection  with  the  unneces- 
sarily high  accuracies  sometimes  demanded  in  specifications,  as  this  entails 
an  increase  in  the  cost  of  manufacture.  The  accuracy  demanded  should 
also  not  cover  the  whole  range  of  the  meter,  but  be  specified  between 
certain  limits  only,  as  this  would  greatly  reduce  the  cost  and  simplify  the 
meter. 

Error  Limits. — In  specifications  for  electricity  meters  it  is  usual,  with 
reference  to  the  accuracy,  to  fix  a  definite  limit  of  error  which  is  not  to  be 
exceeded  between  definite  limits  of  load.  The  most  general  error  limit  is 
±  2 J  per  cent,  i.e.  the  meter  is  required  to  read  correctly  within  ±  2J  per 
cent,  from  -^  up  to  full  load,  and  its  error  must  not  exceed  ±  5  per  cent,  at 
ttV  full  load.  In  some  cases,  however,  the  dial  registrations  are  specified  to 
be  within  ±2J  per  cent,  of  absolute  accuracy  at  all  points  above  -^^  full 
load.  The  latter  condition  is  far  too  stringent,  and  should  not  be  demanded. 
The  size  of  a  meter  is  also  not  always  taken  into  account  in  fixing  these  error 
limits,  which  is  obviously  wrong.  Higher  degrees  of  accuracy  are  obtainable, 
but  at  present  only  at  a  considerable  increase  in  the  cost  of  the  meter,  and 
for  this  reason  are  quite  unjustifiable,  as  anything  which  tends  to  raise  the 
cost  of  supply  must  react  adversely  on  the  whole  electrical  industry.  It 
should  only  be  necessary  for  a  meter  to  be  accurate  within  reasonable  error 
limits.  For  an  interpretation  of  the  word  '  reasonable  '  may  be  cited  the 
requirements  as  to  accuracy  at  present  (June  1905)  made  by  the  Board  of 
Trade,  first  in  respect  to  meters  submitted  to  that  authority  for  approval 
under  clause  50  of  the  Electric  Lighting  Act,  1899  ;  and  second,  to  meters 
tested  by  inspectors  for  certification. 

Meters  submitted  to  the  Board  of  Trade  for  approval  of  construction  and 
pattern  are  examined  and  tested  for  compliance  with  the  requirements  of  the 
Electrical  Standards  Laboratory. 

These  requirements  are  liable  to  modification  from  time  to  time  to  meet  new 
developments,  and  in  the  matter  of  accuracy  are  as  follows  : — - 


Error  Limits  of  an  Electricity  Meter  for  Board  of  Trade  Appi-oval. 

'  *  Meters  in  wliich  tlie  current  for  maximum  load  exceeds  3  amperes  should  not  have  an 
error  exceeding  2  per  cent  ( +  or  -  )  at  any  point  from  one -tenth  full  load  to  full  load.  For 
meters  in  which  the  currents  do  not  exceed  3  amperes,  the  variation  from  accuracy  at  any 
point  from  one-tenth  load  upwards  must  not  exceed  +  or  -  3  ])er  cent." 

A  relaxation  is,  however,  made  by  the  Board  of  Trade  with  reference  to 
the  error  limits  for  certified  meters,  as  shown  in  their  Rules  dated  24th 
October  1903,  an  extract  of  which  is  given  below  : — 
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Rules  for  the  Guidance  of  Electric  Inspectors  appointed  hy  the  Board  of 
Trade  with  respect  to  the  Certifying  and  Examination  of  Meters. 

**  I.  The  Inspector  should  satisfy  himself  that  a  meter  is  of  some  construction  and  pattern 
and  has  been  fixed  and  connected  with  the  service  lines  in  some  manner  approved  by  the 
Board  of  Trade.  If  the  Inspector  has  reason  to  think  that  a  meter  does  not  comply  with 
these  conditions,  he  should  take  steps  to  ascertain  whether  the  meter  in  question  is  in  accord- 
with  the  sealed  specimen  dejwsited  with  the  Board  of  Trade. 

"II.  A  meter  should  be  considered  by  the  Inspector  to  be  a  correct  meter  if,  being  a  meter 
intended  for  more  than  3  amperes,  the  error  at  one-tenth  of  its  full  load  and  above  this  point 
does  not  exceed  +  or  -  2^  j)er  cent.  In  the  case  of  meters  intended  for  currents  not 
exceeding  3  amperes,  the  error  must  not  exceed  +  or  -  3^  per  cent. 

"The  Inspector  should  generally  satisfy  himself  as  to  the  accuracy  of  the  meter  by  testing 
at,  say,  3  different  loads,  which  may  be  taken  at  about  i,  i,  and  i  of  full  load." 

Copies  of  the  specifications  and  drawings  of  any  meter  approved  since 
Jnne  1900  can  be  obtained  by  electric  inspectors  from  the  Board  of  Trade 
Electrical  Standards  Laboratory,  8  Richmond  Terrace,  Whitehall,  London, 
S.W.,  on  payment  of  the  cost  of  reproduction. 

It  may  be  of  interest  to  give  here  the  limits  of  error  prescribed,  according 
to  the  German  law  of  1st  June  1898,  by  the  Physikalisch-Technische  Reich- 
sanstalt,  Charlottenburg,  Germany,  with  reference  to  meters.  A  difference  is 
made  between  the  errors  of  meters  for  approval  and  of  meters  for  commercial 
use,  and  with  reference  to  the  latter  these  limits  are  defined  as  follows : — 

Direct  Current  ilie^ers.— Between  full  load  and  one-tenth  full  load  the 
error  must  not  exceed  yo*Vo  ^^  ^^^®  maximum  capacity  of  the  meter,  plus 
~Q  of  the  particular  load  at  which  the  meter  is  used,  and  at  ^V  f^^iH  load 
the  error  must  not  exceed  tt^q  of  full  load.  For  meters  which  are  used  in 
lighting  installations,  these  definitions  only  apply  when  the  load  is  not  less 
than  30  watts. 

During  times  of  no  load  it  is  prescribed  that  the  meter  shall  not  run  back- 
wards or  forw^ards  at  a  rate  exceeding  ^J-jj-  of  the  speed  corresponding  to 
full  load. 

Alternating  and  Polyphase  Meters. — The  definitions  given  above  also  apply 
in  this  case,  with  the  restriction,  however,  that  when  a  phase  difference  exists 
between  the  voltage  and  the  current,  the  error,  as  defined  above,  must  be 
expressed  in  hundredths  of  the  load  at  which  the  meter  is  used,  and  to  the 
number  thus  obtained  in  hundredths  must  be  added  double  the  tangent  of 
the  angle  of  phase  displacement.  By  the  angle  of  phase  displacement  is  to  be 
understood,  that  angle  the  cosine  of  which  is  equal  to  the  power  factor.  All 
magnitudes  used  in  estimating  errors  are  to  be  taken  with  the  same  sign. 

With  reference  to  meters  for  approval,  it  is  prescribed  that  the  errors 
must  be  within  half  the  limits  as  stated  for  meters  for  commercial  use.  With 
alternating  current  meters,  however,  the  whole  of  the  additional  error  (2  tan  0) 
is  reckoned,  </>  being  the  phase  difference  between  the  pressure  and  the  current. 
The  above  error  limits,  expressed  in  percentages  of  tlie  load  at  which  the 
meter  is  used,  are,  for  direct  current  meters  for  commercial  use,  as  follows : — 
+  or  -  6-6%  at  full  load,  +  or  -  6-8%  at  f  load,  +  or  -  7*2%  at  J  load, 
+  or  -  8-4%  at  \  load,  +  or  -  12%  at  ^V  load. 

For  alternating  current  meters  for  commercial  use  these  errors  are  all 
increased  by  2  tan  ^,  e.g.  at  full  load  the  error  must  not  exceed  +  or  - 
(6-6% +  2  tan  <^).  An  approved  meter,  on  the  other  hand,  at  full  load  must 
not  have  a  greater  variation  from  accuracy  than  +  or  -  3-3%,  if  for  direct 
current,  and  +  or  -  (3*3%  +  2  tan  0),  if  for  alternating  current,  and  so  on 
for  the  other  loads. 
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In  this  country  no  difference  in  the  error  hmits  is  made  in  the  case  of 
alternating  current  meters  for  loads  which  contain  self-induction  or  capacity. 
The  error  limit  for  any  particular  inductive  load  is  easily  obtained.  This  is 
best  illustrated  by  a  couple  of  examples.  When  the  maximum  current  is 
flowing  in  a  circuit  of  power  factor  equal  to  one-half  (cos  </>  =  '5),  the  inductive 
load  (v.  c.  cos  </))  corresponds  to  one-half  of  the  maximum  load  when  the 
current  and  pressure  are  in  phase.  The  error  limit  is  in  this  case  the  same 
as  that  for  one-half  of  full  load  when  the  power  factor  is  unity.  If,  on  the 
other  hand,  the  current  be  under  one-fifth  of  the  maxinuim,  the  power  factor 
being  the  same,  then  the  inductive  load  corresponds  to  one  less  than  one-tenth 
of  full  non-inductive  load,  and  the  error  should  not  exceed,  say,  4-  or  —  5%. 
It  should  be  borne  in  mind  that  the  percentage  error  of  a  meter  is  the  per- 
centage diflference  in  the  load  as  indicated  by  the  meter  and  the  true  load,  the 
load  (v.  c.  cos  <^)  being  quite  generally  the  product  of  the  volts,  amperes,  and 
power  factor.  When  the  power  factor  is  unity,  the  load  is  simply  the  prodiict 
of  the  current  and  the  pressure.  If,  in  addition,  the  pressure  be  constant 
(i.e.  V  is  constant  and  cos  ^  =  1),  then  the  terms  'load'  and  'current'  become 
synonymous,  but  in  no  other  case. 

Permanency  of  Calibration. — There  are  many  agencies  at  work  which 
tend  to  increase  the  inaccuracies  of  a  meter  in  use,  and  in  the  case  of 
motor  meters  they  are — loss  in  magnetism  of  the  permanent  magnets,  unless 
properly  aged ;  bearing  friction ;  friction  of  the  integrating  train,  and  of  the 
gear  connecting  it  with  the  meter  axle ;  brush  friction  in  commutator  meters ; 
fluid  friction  in  mercury  motor  meters ;  temperature  variations  and,  in  the 
case  of  energy  meters,  the  charring  of  the  shunt  coils,  with  a  consequent 
increase  in  their  electrical  resistance,  producing  a  diminished  shunt  field,  and 
with  it  a  smaller  driving  torque.  The  importance  of  the  proper  ageing  and 
construction  of  the  permanent  magnets,  and  also  their  position  in  relation  to 
the  driving  system  of  the  meter,  cannot  be  over-estimated.  Mr  G.  Hookham, 
in  his  paper  on  "  Permanent  Magnet  Circuits,  ""**■  showed  the  possibility  of 
constructing  magnets  in  which  a  considerable  and  permanent  residual  induc- 
tion might  be  obtained,  and  pointed  out  the  importance  of  the  length  of  a 
magnet  with  reference  to  its  cross  section  to  obtain  permanency. 

The  vital  necessity  that  a  so-called  permanent  magnet  should  retain  its 
magnetic  field  unimpaired  indefinitely  will  be  readily  grasped  when  it  is 
remembered  that  the  resisting  torque  exerted  on  the  disc  which  rotates 
between  the  pole-pieces  of  the  permanent  magnet,  forming  the  usual  magnetic 
brake,  varies  as  the  square  of  the  magnetic  induction  in  the  air-gap  between 
the  poles.     The  retarding  torque f  may  be  expressed  mathematically  as 

T  =  K.  B2.  r2.  w, 

where  B  is  the  induction  density,  w  is  the  angular  velocity  of  the  brake  disc, 
r  is  the  radial  distance  from  the  axle  of  the  brake  disc  to  the  poles,  and  K  is  a 
constant,  depending  on  the  shape  of  the  polar  area,  the  dimensions  of  the  air- 
gap,  and  the  conductivity  of  the  brake  disc.  A  slight  loss  in  the  strength  of 
the  magnetic  field  of  the  permanent  magnet  will,  therefore,  produce  a  very 
considerable  diminution  in  the  retarding  torque,  an  increase  in  the  speed 
of  the  armature,  and  the  meter  will  read  high.  The  retentivity  of  the 
permanent   magnet  should  also  not  be  aff'ected  by  the   passage  of  a  short- 

*  Philosophical  Magazine,  Feb.  1888  ;  also  Electrical  Review,  vol.  xxxvii.  p.  476. 
t  "A   Frictionless '  Motor  Meter,"   hy  S.  Everslied,  Jour.  Proc.  Inst.   El.  Eng.,  part 
146,  vol.  xxi. 
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circuit  current  through  the  meter.  The  abnormal  magnetic  flux  which 
emanates  from  the  series  coils  during  a  short-circuit,  and  the  subsequent 
rapid  rate  of  change  which  takes  place  in  the  density  of  this  field  after  the 
fuse  has  blown,  is  sufficient  to  render  unaged  magnets  unfit  for  further  use, 
and  the  accuracy  of  the  meter  is  destroyed.  Another  feature  which  lends 
much  to  the  immunity  of  the  permanent  magnets,  from  the  weakening 
effects  of  the  main  current  flux,  is  to  place  them  so  that  their  greatest  length 
or  path  of  permanent  flux  is  at  right  angles  to  the  magnetic  axis  of  the  series 
coils.  This  result  was  experimentally  discovered  by  Mr  T.  Duncan,  of 
America,*  some  years  ago.  In  many  cases  permanent  magnets  are  further 
protected  from  the  effects  of  the  series  coils  by  means  of  iron  shields  separating 
them  from  the  electrical  element  of  the  meter. 

The  general  method  of  adjusting  the  speed  of  the  motor  meter  having  a 
magnetic  brake  is  to  alter  the  position  of  the  brake  magnet  relatively  to  the 
brake  disc,  the  brake  magnet  being  suitably  mounted  for  this  purpose.  The 
adjustment  is  made  by  moving  the  magnet  either  nearer  to  or  further  away 
from  the  axis  of  the  disc.  It  was  shown  above  that  the  brake  torque  is 
proportional  to  the  square  of  the  radial  distance  from  the  axis  to  the  poles  of 
the  magnet,  and  consequently  it  is  most  essential,  after  an  adjustment  has 
been  made,  that  the  magnet  be  very  firmly  secured,  so  that  its  position 
remain  unaltered  during  transit,  and  be  not  affected  by  temperature 
variations.  The  best  method  of  adjustment  is  not  to  alter  the  position  of  the 
magnet  at  all,  but  to  shunt  some  of  the  field  of  the  air-gap  of  the  magnet 
through  an  alternative  path,  and  by  increasing  or  decreasing  the  magnetic 
reluctance  of  this  alternative  magnetic  circuit,  the  brake  field  will  be  increased 
and  the  speed  of  the  meter  decreased,  or  the  brake  field  will  be  weakened, 
and  the  speed  correspondingly  increased.  This  or  an  analogous  method  is 
used  in  some  meters,  and  the  small  iron  screws,  by  means  of  which  the  brake 
field  is  altered,  can  be  securely  locked,  so  that  their  position  is  invariable 
after  the  adjustment  is  complete. 

The  greatest  wear  in  a  motor  meter,  without  a  commutator,  is  in 
connection  with  the  jewel  bearing  which  supports  the  revolving  element. 
Friction  at  the  bearings  does  not  remain  constant,  but  tends  to  increase  with 
the  prolonged  use  of  the  meter.  It  is  largely  affected  by  the  character  of  the 
installation  in  which  the  meter  is  fixed,  i.e.  the  presence  or  absence  of 
vibration,  dirt,  moisture,  and  insects.  Too  much  attention  cannot  be  be- 
stowed upon  the  proper  apportionment  of  the  weight  of  the  revolving  element 
and  the  supporting  jewel  bearing,  which  should  in  every  case  be  flexibly 
supported. 

In  the  case  of  commutator  motor  meters,  the  main  source  of  trouble  is  the 
friction  which  occurs  at  the  brushes  on  the  commutator.  Various  devices  are 
used  to  eliminate  this  error,  a  few  of  which  will  be  found  in  the  descriptive 
chapters  dealing  with  this  type  of  meter.  The  commutator  sliould  not  be 
liable  to  tarnish,  and  its  surface  must  always  be  kept  clean  and  briglit.  This 
part  of  the  meter  should  therefore  be  readily  accessible  to  supervision 
without  having  to  remove  the  main  meter  cover.  Mainly  with  the  view  to 
eliminating  brush  friction,  mercury  motor  meters  are  used,  in  which  case  the 
mercury  serves  to  conduct  the  current  to  and  from  the  revolving  armature, 
which  in  this  case  usually  consists  of  a  copper  disc,  immersed  in  the  mercury 
bath.  In  the  old  type  of  Ferranti  meter  the  mercury  constitutes  the 
armature  itself ;  the  company,  however,  use  a  copper  disc  in  their  new  type. 
*  American  Patent,  No.  550823,  1895. 
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The  friction  of  the  mercury  has  to  be  compensated  for  at  high  loads,  as 
otherwise  its  increase  in  friction  in  this  region  introduces  errors.  In  the 
Ferranti  meter,  in  which  the  mercury  acts  as  the  armature,  the  friction  of  the 
mercury  is  used  to  produce  the  retarding  couple  on  a  light  fan  which  is 
immersed  in  the  mercury  bath.  With  this  meter,  which  is  of  the  ampere- 
hour  type,  the  driving  torque  is  proportional  to  the  square  of  the  current,  and 
the  resisting  torque  of  fluid  friction  is  proportional  to  the  square  of  the 
speed,  so  that,  neglecting  other  disturbing  influences,  when  balance  occurs  the 
speed  is  proportional  to  the  current.  The  remaining  source  of  friction  in 
motor  meters  is  in  the  gear  connecting  the  meter  axle  with  the  integrating 
train,  and  in  the  train  itself.  The  wheels,  pinions,  and  gears  should  all  be 
very  carefully  constructed  and  aligned,  so  that  the  error  they  introduce  is 
reduced  to  a  minimum  and  is  not  of  a  variable  nature.  Further,  it  is 
important  that  the  worm  on  the  meter  axle  should  be  made  of  suitable 
alloy,  so  that  in  damp  situations  it  does  not  rust,  and  so  impair  the  correct 
working  of  the  meter. 

Besides  the  brake  magnets,  there  are  other  parts  of  the  meter  which  have 
to  be  adjusted,  and  the  adjustments  consist  in  the  alteration  of  the  position 
of  a  sliding  connector,  a  small  piece  of  iron,  or  some  other  support.  It  is  of  the 
highest  importance  that  all  such  regulating  devices  should  be  so  secured  that, 
after  having  been  finally  set,  their  position  should  be  invariable  and  unaffected 
by  any  disturbing  influences  during  transit,  installation,  or  use.  In  fact  all 
adjustments  should  be  permanently  sealed  as  well  as  the  main  meter  cover. 

Gruarantee. — A  meter  is  usually  guaranteed  by  the  manufacturer  for  an 
average  period  of  one  year.  The  author,  however,  would  recommend  meter 
makers  to  extend  this  period  and  give  a  three  years'  guarantee,  provided  that 
they  be  allowed  to  permanently  seal  their  meters,  and  that  the  guarantee  should 
terminate  on  the  seals  being  broken.  In  such  a  case,  if  a  meter  should  be 
found  to  register  incorrectly  after  it  has  been  properly  tested  at  the  station, 
or  after  its  installation  in  a  consumer's  premises,  it  would  be  at  once  returned 
to  the  manufacturer,  who  would  either  replace  it  or  repair  it,  defraying  all 
costs.  He  would  in  this  manner  be  able  to  ascertain  exactly  the  cause  of  the 
improper  working  of  the  meter,  find  out  the  weak  features  of  the  particular 
type,  and  eff'ectually  remove  them.  It  is,  however,  quite  impossible  for  him 
to  arrive  at  the  root  of  any  trouble,  if  the  meter  cover  have  been  previously 
removed  and  the  adjustments  in  any  way  interfered  with.  If  faults  should 
develop  in  a  meter  after  the  expiration  of  the  guarantee  period,  meter  manu- 
facturers would  doubtless  be  prepared,  at  a  reasonable  charge,  to  repair  the 
meter  or  exchange  it,  and  renew  the  guarantee.  This  should  result  in  not 
only  effecting  improvements  in  meters,  but  also  in  materially  reducing  the 
charges  for  maintenance  and  repairs  of  the  meter  department  of  a  station.  It 
certainly  seems  inadvisable  for  a  central  station  to  undertake  the  manu- 
facture or  semi-manufacture  of  meters,  with  its  attendant  expense  and 
restrictions.  The  station  should,  however,  be  provided  with  a  highly  efficient 
testing  equipment,  and  the  whole  attention  of  the  meter  staff"  should  be 
directed  to  the  systematic  testing  of  meters  and  all  measuring  instruments 
in  the  station,  the  periodic  testing  and  supervision  of  meters  in  situ,  and  the 
checking  of  meter  readings  and  meter  accounts. 

Series  and  Shunt  Losses. — The  current  flowing  in  the  series  circuit  of  a 
meter  produces  a  drop  in  voltage,  which  causes  a  diminution  of  the  pressure 
across  the  circuit  beyond  the  point  of  connection  of  the  meter,  and  power  is 
also  wasted.     The  series  loss  is  generally  small,  and  should  not  exceed  6  watts, 
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with  a  greater  drop  than  1  volt  at  full  load  hi  a  5-ampere  meter,  and  be 
negligibly  small  in  the  larger  sizes.  This  waste  of  power  and  drop  in  voltage 
only  occur  when  current  flows  in  the  particular  installation,  and  both  reach  a 
maximum  when  the  current  taken  is  a  maximum.  The  drop  is  the  most 
important  loss  in  the  series  circuit,  as  it  reduces  the  voltage  across  the  con- 
sumer's lamps. 

The  series  loss  is  borne  by  the  consumer,  and  not  by  the  station.  If  V  be 
the  supply  voltage  across  the  consumer's  circuit  in  front  of  the  meter,  and  A 
be  the  full  load  current,  supposed  constant  during  n  hours,  then,  assuming  no 

V  A  ra 
errors  in  the  meter,  the  reading  will  give   ,  k?^^  units  as  the  energy  consumed 

under  these  conditions.     If  v  be  the  drop  in  the  meter,  then  the  consumer 

actually   uses         mnn  ~    ^^i^its,    as  the  pressure    across  his  circuit  beyond 

V  A  w 
the  meter  is  (V  -  v)  volts.       He  therefore  pays  for    -'^^   units,    but   only 

consumes  ^ — ^'         units.     Moreover,  owing  to  the   drop  in  pressure,  the 

candle-power  of  his  lamps  is  largely  reduced.  He  therefore  suffers  loss  in 
two  directions. 

In  an  energy  meter  power  is  wasted  both  in  the  main  current  and  in  the 
pressure  current  circuits.  The  most  important  loss  is  that  occurring  in  the 
pressure  circuit,  and  is  entirely  borne  by  the  station.  It  represents  a  very 
considerable  annual  loss  in  revenue,  as  this  waste  is  continuous  whether  current 
be  taken  or  not.  Assuming  as  low  a  shunt  loss  as  1  watt  per  200  volts,  the 
annual  loss  to  the  station  per  meter  is  8*76  B.O.T.  units ;  and,  on  the  other 
hand,  with  a  loss  in  the  shunt  of  10  watts  per  200  volts,  the  annual  loss 
per  meter  would  be  87 '6  B.O.T.  units.  It  is  highly  important,  therefore,  that 
these  shunt  losses  should  be  small,  especially  in  connection  with  the  supply 
of  current  to  very  small  consumers,  who  at  the  most  have  only  two  or  three 
16  c.p.  lamps  burning  at  a  time. 

It  may  be  as  well  to  point  out  here  that  the  connections  between  the 
pressure  and  the  current  circuits  in  an  energy  meter  should  be  made  on  the 
supply  side  of  the  current  terminals,  so  that  it  is  impossible  for  the  shunt  loss 
to  be  registered  by  the  meter.  The  connections  should  also  be  easily  accessible, 
to  permit  separation  of  the  pressure  and  current  circuits  for  testing. 

Criterions  of  a  Meter. — The  driving  torque,  weight  of  the  revolving  element, 
friction,  and  the  shunt  losses  at  a  definite  voltage  (the  latter  in  the  case  of  an 
energy  meter)  are  all  so  intimately  connected  and  dependent  on  one  another, 
that  the  figures  relating  to  these  quantities  should,  wherever  possible,  be 
always  given  together.  In  general  the  weight  of  the  revolving  element  gives 
a  very  approximate  idea  of  the  bearing  friction,  which  is  proportional  to  the 
weight  on  the  pivot. 

A  high  driving  torque  is  very  desirable,  but  does  not,  %)er  se,  give  any 
indication  as  to  the  probable  behaviour  or  possible  permanence  of  performance 
of  a  meter.  To  gain  an  idea  of  how  a  meter  will  probably  function  in  service, 
it  is  necessary  to  know  the  values  of  the  torque,  weight,  and  frictional  retarding 
torque. 

A  high  driving  torque  can  be  obtained  by  increasing  the  weight  of  the  mov- 
ing element.  This  method  is  not  very  satisfactory  in  operation,  as  the  meter 
is  less  responsive  to  small  differences  in  the  current  flowing  in  the   circuit 
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than  one  which  has  an  equal  ratio  of  torque  to  weight,  but  a  lighter  revolving 
element ;  bearing  friction  and  the  wear  on  the  jewel  are  also  increased. 

On  the  other  hand,  the  weight  of  the  revolving  element  must  not  be  made 
too  light,  as  a  sudden  heavy  increase  in  the  current  may  twist  it,  and  cause 
excessive  hammering  on  the  jewel.  The  real  determining  factor  in  the  satis- 
factory operation  of  a  meter  is  a  liigh  ratio  of  driving  torque  to  weight. 

The  ratio  of  the  driving  to  the  frictional  retarding  torque  and  that  of  the 
driving  torque  to  the  weight  should  be  as  large  as  possible,  as  then  variations 
and  increases  in  friction,  which  cannot  be  completely  excluded  when  a  meter 
is  in  use,  become  of  relatively  small  value  in  affecting  the  working  of  the 
meter.  On  account  of  the  stability  and  rigidity  of  the  moving  element  and 
the  cost  of  the  meter,  these  factors  cannot,  however,  be  carried  beyond  certain 
limits.  A  high  ratio  between  the  driving  torque  and  weight  can,  moreover,  be 
obtained  when  both  the  figures  relating  to  each  of  these  quantities  are  small, 
so  that  two  meters  having  totally  different  driving  torques  and  weights  may 
give  the  same  ratio ;  and  without  the  actual  figures  of  the  torques,  weights, 
etc.,  it  is  not  possible  to  say  which  is  the  better  meter  of  the  two. 

In  the  accompanying  three  tables  (I. -III.)  some  average  figures  are  given  of 
the  driving  torque  in  millimetre-grammes;  the  weight  of  the  revolving 
element  in  grammes ;  the  ratio  of  the  driving  torque  to  weight,  i.e.  the  driv- 
ing torque  per  unit  weight  of  revolving  element ;  the  full  load  speed  in  revolu- 
tions per  minute ;  the  shunt  loss  in  watts  and  the  aimual  shunt  loss  in  Board 
of  Trade  units  of  a  few  meters  in  commercial  use.  In  connection  with  the 
mercury  motor  meters,  the  ratio  of  the  driving  torque  to  the  weight  of  the 
revolving  element  is  not  comparable  with  this  ratio  of  the  other  types,  as  in 
mercury  motor  meters  the  weight  of  the  revolving  part  does  not  represent 
the  pressure  on  the  jewel  bearing.  The  series  loss,  although  important,  is  not 
given  in  the  tables,  as  it  varies  with  the  load,  reaching  a  maximvim  at  fidl 
load.  The  annual  loss  in  the  series  circuit  of  a  meter  could  therefore  only 
be  given  by  assuming  an  average  load  throughout  the  year,  so  that  the  total 
annual  loss  due  to  both  the  series  and  shunt  circuits  would  only  be  approxi- 
mate, and  not  of  very  much  value.  The  annual  loss  of  energy  in  the  shunt  of 
a  meter  can,  however,  be  definitely  stated,  as  the  power  wasted  in  the  shunt 
is  practically  invariable ;  moreover,  the  B.O.T.  units  wasted  in  the  pressure 
circuit  represent  the  actual  loss  to  the  supply  station. 

Selection  of  a  Meter. — The  selection  of  a  meter  depends  on  a  variety  of 
factors,  such  as  local  conditions,  the  nature  of  the  supply  current,  whether 
continuous  or  alternating,  the  voltage,  the  function  of  the  meter,  the  class  of 
consumer,  price,  guarantee,  shunt  losses,  and  probable  cost  of  maintenance  and 
repairs.  In  the  case  of  a  continuous  current  supply  at  approximately  con- 
stant pressure,  from  considerations  of  initial  capital  outlay,  the  annual  loss  in 
the  pressure  circuit  of  an  energy  meter,  maintenance,  depreciation  and  interest 
charges,  the  ampere-hour  meter  is  decidedly  to  be  preferred  to  the  watt-hour 
type,  especially  in  the  case  of  small  consumers,  whose  actual  bill  may  not  be 
a  very  large  one,  but  who  are  amongst  the  most  profitable  class  of  consumers 
to  a  supply  station.  The  ampere-hour  meter  does  not  actually  measure  what 
the  consumer  pays  for,  namely,  electrical  energy,  but  is  calibrated  to  register 
the  units  consumed  at  the  declared  voltage  of  supply,  on  the  assvmiption  that 
this  voltage  is  kept  constant.  It  is  unaffected  by  voltage  variations,  so  that, 
if  the  pressure  across  the  circuit  to  which  it  is  connected  be  above  the  declared 
value,  a  loss  of  units  is  incurred  due  to  its  use.  It  is,  however,  incorrect  to 
draw    from  this  the  inference  that  a  station  using  ampere-hour  meters  will 
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necessarily  suffer  a  loss  of  revenue,  because  the  voltage  is,  in  general,  some  2 
per  cent,  above  its  normal  value  at  the  feeding  points  in  the  distributing 
system.  Some  circuits  will  have  their  voltage  above  the  normal,  and  with 
ampere-hour  meters  there  will  be  a  loss ;  others  will  be  at  the  correct  voltage, 
and  there  will  be  neither  loss  nor  gain  ;  on  the  other  hand,  there  will  be,  again, 
other  circuits  across  which  the  voltage  will  be  below  its  right  value,  so  that  in 
this  case  there  will  be  a  distinct  gain.  On  the  whole,  in  a  well-designed  system 
of  distribution  a  very  fair  balance  will  be  obtained,  and  the  disadvantage  of 
the  ampere-hour  meter  in  this  respect  is  more  apparent  than  real ;  in  fact,  it 
may  be  a  source  of  gain.  The  loss  or  gain,  according  as  the  voltage  is  high  or 
low,  is  readily  estimated.  If  the  ampere-hour  meter  register  U  units  in  the 
year,  on  the  assumption  that  the  voltage  V  is  constant,  whereas  it  is  always 
2  per  cent,  above  this  value,  then  the  loss  to  the  station  is  •02V  x\J  xd,  where 
d  is  the  selling  price  per  unit.  If  the  voltage  be  low  instead  of  high,  and  by 
the  same  amount,  this  result  will  represent  the  gain  to  the  station. 

The  question  to  be  decided  with  ampere-hour  meters  is  whether  they  shall 
be  of  the  electrolytic  or  motor  type.  Electrolytic  meters  have  the  advantage 
of  being  cheaper  than  motor  meters,  but  they  certainly  require  more  attention, 
as  they  have  to  be  either  re-set  or  re-filled  after  definite  periods  ;  they  are  more 
or  less  unmechanical,  and  do  not  comply  with  the  general  conditions  of  practice 
so  satisfactorily  as  a  well-designed  motor  meter. 

Clock  meters  register  correctly,  however  small  the  current  may  be ;  they 
have  a  wide  range  and  a  high  degree  of  accuracy,  but  are  expensive  and  some- 
what complicated.  For  special  purposes  they  are  particularly  well  adapted, 
and  the  three-wire  type  correctly  measures  the  energy  taken  in  a  three-wire 
direct  current  or  single-phase  alternating  current  network,  whatever  the  dis- 
tribution and  nature  of  the  loads  on  the  two  sides  of  the  system.  This  is  not 
the  case  with  the  ordinary  three-wire  energy  motor  meter,  which  correctly 
registers  the  energy  in  such  a  system  under  certain  conditions  only. 

When  the  supply  is  an  alternating  current,  the  meter  used  invariably 
measures  electrical  energy,  and  the  relative  shunt  losses  play  a  very  important 
part  in  the  selection  of  the  meter,  besides  its  actual  cost.  The  performance 
of  the  meter  on  inductive  loads  is  one  which  also  must  not  be  lost  sight  of, 
especially  if  in  the  circuits  a  phase  displacement  between  the  current  and  the 
pressure  be  likely  to  occur.  In  fact,  all  meters  intended  for  alternating 
current  supply  circuits  should  be  suitable  for  inductive  loads,  whether  the 
loads  be  so  or  not.  As  already  mentioned,  the  meters  for  such  circuits  are  on 
the  induction  principle,  and  only  these  should  be  used,  on  account  of  their 
simplicity,  ease  of  adjustment,  low  cost  and  low  shunt  losses  relatively  to 
commutator  motor  meters  without  iron,  their  considerably  smaller  frictional 
resistances  to  motion,  the  total  elimination  of  brush  friction  and  commutators, 
or  rubbing  contacts  of  any  description,  and  the  absence  of  any  current  from 
the  supply  circuit  in  the  revolving  .armature,  which  is  simply  a  disc  or 
cylinder  of  aluminium  or  copper. 

Capacity  of  a  Meter. — The  capacity  of  a  meter  is  generally  dependent  on 
the  maximum  capacity  of  the  installation  in  which  it  is  placed.  It  seems, 
how^ever,  advisable  to  use  meters  having  a  smaller  capacity  than  the  maximum 
of  the  circuits  it  controls,  and  to  have  a  relatively  large  overload  capacity, 
the  degree  of  which  varies  with  the  nature  of  the  load  of  the  particular  circuit 
to  which  the  meter  is  connected.  As  a  general  rule,  a  house-service  meter 
works  mostly  in  the  region  of  20  to  30  per  cent,  of  full  load,  and  is,  there- 
fore, not  working  at  the  best  part  of  its  curve,  as,  usually,  the  least  error 
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occurs  between  half  and  full  load.  The  full  load  of  an  electric  lighting 
installation  in  a  private  house  is  only  taken  on  special  occasions,  which  are 
not  of  frequent  occurrence,  so  that,  if  the  capacity  of  the  meter  be,  in  such  a 
case,  made  to  correspond  to  half  the  maximum  number  of  lamps  installed,  and 
be  capable  of  carrying  a  large  overload  current  for  short  periods,  it  would  be 
much  more  efficient,  would  probably  cost  less,  and  would  be  mainly  operating 
near  its  full  load  capacity.  The  meter  should,  consequently,  be  less  dependent 
on  the  variable  nature  of  friction  at  low  loads,  and  start  better  when  only  one 
or  two  lamps  are  switched  into  circuit. 

A  meter  should,  with  reference  to  its  starting  current,  register  with 
certainty  the  minimum  load  of  the  circuit  to  which  it  is  connected. 

Meters  approved  by  the  Board  of  Trade. — Of  the  large  number  of 
different  types  of  meters  in  commercial  use,  only  a  very  few  have  received  Board 
of  Trade  approval.  All  such  approvals  are  published  in  the  Official  Gazette 
immediately  after  intimation  to  the  manufacturers,  and  below  are  given,  in 
chronological  order,  in  the  three  tables  IV. -VI.,  the  approvals  which  have 
been  given  up  to  the  time  of  going  to  press. 

Table  IV. — Continuous  Current  Meters  approved 
BY  the  Board  of  Trade. 


Day. 
9 

Month. 

Year 

Name. 

Company. 

Remarks. 

Oct. 

1896 

Hookhaiii 

Chamberlain  & 
Hookliam 

Ampere-hour  mercury  motor 
meter.     Disc  armature. 

9 

Oct. 

1896 

Ferranti 

Ferranti,  Ltd 

Amjiere-hour  mercury  motor 
meter.  Mercury  constitutes 
armature.  Brake  consists 
of  fan  in  mercury. 

26 

July 

1898 

Aron 

Aron       Electricity 
Meter,  Ltd. 

Watt-hour  clock  meter. 

25 

July 

1900 

Bastian 

The  Bastian  Meter 
Co. 

Water  electrolytic  meter. 

24 

Sept. 

1901 

Schattner 

Engineering       In- 
struments, Ltd. 

Prepayment  continuous  cur- 
rent ampere-hour  meter. 
Abandoned. 

19 

Feb. 

1902 

O'K. 

The  British  Thom- 
son-Houston Co. 

Ampere-hour  motor  meter. 

22 

May 

1902 

Hookhani 

Chamberlain  & 
Hookham 

Ampere-hour  mercury  motor 
meter.  Cylindrical  arma- 
ture. 

15 

May 

1903 

Elihu  Thomson 

The  British  Thom- 
son-Houston Co. 

Watt-hour  motor  meter. 
Type  A. 

28 

May 

1903 

Wright 

The  Reason  Manu- 
facturing Co. 

Mercury  electrolytic  meter. 

14 

Feb. 

1905 

Bastian  "N" 
Type 

The  Bastian  Meter 
Co. 

Water  electrolytic  meter. 

INTROBUCTORY    AND   GENERAL    REMARKS. 
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Table  V. — Alternating  Current  Meters  approved 
BY  THE  Board  of  Trade. 


Day. 

Month. 

Year. 

8 

Oct. 

1891 

23 

March 

1899 

12 

July 

1899 

17 

May 

1901 

24 

8 

Sept. 
March 

1902 
1904 

12 

May 

1904 

27 

Feb. 

1905 

Name. 


Shallenberger 
Aron 

Aron 

Shallenberger 

Westinghouse 
Stanley 

Ferranti- 

Hatnilton 
K.J. 


Company. 


The  British  West- 
inghouse Co. 

The     Aron     Elec- 
tricity      Meter, 
Ltd. 
Do. 

The  British  West- 
inghouse Co. 
Do. 
Do. 


Ferranti,  Ltd. 

The  Electrical  Co. 
Ltd. 


Remarks. 


Ampere-hour  induction  meter. 
Abandoned  in  this  country. 
Clock  meter. 


For  two-y>hase  or  three-phase 

circuits.     Clock  meter. 
Abandoned  in  this  country. 

Watt-hour  induction  meter. 

Watt-hour  induction  meter. 
Replaced  in  this  country 
by  Westinghouse  meter. 

Watt-hour  induction  meter. 

Watt-hour  induction  meter. 


Table  VI. — Maximum  Demand  Indicators  approved 
BY  THE  Board  of  Trade. 


Day. 

Month. 

Year. 

Name. 

Company. 

Remarks. 

9 

8  - 

July 
June 

1903 
1904 

Atkinson- 

Schattner 
Wright 

Engineering  In- 
struments, Ltd. 

The  Reason  Manu- 
facturing Co. 

Based  on  the  electro-magnetic 

principle. 
Ba«ed       on      the       thermal 

principle. 

CHAPTER   II. 
GENEEAl  PEINCIPLES  OP  CONTINUOUS  CUREENT  METERS. 

General  Equations — Law  of  the  Chemical  Meter — Electro-magnetic  Action — Laws  of  the 
Motor  Meter  with  Brake — Law  of  the  Motor  Meter  without  Brake — Law  of  the  Clock 
Meter — Themial  Effect— Behaviour  of  Continuous  Current  Three-wire  Energy  Motor 
Meters. 

General  Equations. — The  electrical  energy  delivered  to  a  circuit  during 
any  given  interval  of  time  is  expressed  by  the  general  equation 

l£,=  lc.v.dt, (1), 

Ti 

where  c  and  v  are  respectively  the  instantaneous  values  of  the  current  flowing 
in  the  circuit  and  the  potential  difference  applied  to  its  terminals,  T^  and  Tg 
denoting  the  commencement  and  termination  of  the  period  under  consideration, 
and  dt  is  the  short  interval  during  which  the  power,  c.v  is  supposed  to 
remain  constant.  If  c  be  the  value  of  the  current  in  amperes,  v  be  the 
pressure  expressed  in  volts,  and  the  hour  be  taken  as  the  unit  of  time,  then 
the  electrical  energy  is  expressed  in  watt-hours. 

The  function  of  an  electricity  meter  is  to  register  the  electrical  energy 
consumed  in  a  given  period,  and  a  meter  that  performs  the  operation  expressed 
on  the  right-hand  side  of  equation  (1)  is  called  an  energy  meter,  or  more 
usually  a  watt-hour  meter.  In  some  instances  these  instruments  are  still 
erroneously  termed  recording  wattmeters.  A  recording  wattmeter  does  not 
measure  energy,  i.e.  does  not  integrate  the  values  of  c.v.dt,  but  measures 
power,  and  traces  out  on  record  paper,  mounted  on  a  continuously  revolving 
dram,  a  curve,  the  ordinates  of  which  represent  the  values  of  the  power 
supplied  to  the  circuit. 

In  electricity  supply  systems  in  which  the  supply  pressure  is  kept 
practically  constant,  v  is  a  constant,  and  the  general  equation  may  be  written 

•dt, (2). 

T, 

An  electricity  meter  in  this  case  does  not  integrate  the  different  values  of  the 
energy,  but   simply  the   quantities  of  electricity  in  ampere-hours ;   in  other 

words,  it  performs  the  operation    /  c.dt,  and  is  tlien  called  a  quantity  or  an 

T, 

ampere-hour  meter.      A  quantity  meter  is  sometimes  designated  a  coulomb 

18 
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meter.  The  term  'coulomb  meter'  should,  however,  not  be  used  in  this 
sense,  as  the  coulomb  represents  one  ampere-second,  whereas  in  quantity 
meters  the  unit  of  quantity  is  the  ampere-hour. 

Quantity  meters  are  usually  calibrated  so  that  their  indications  are  in 
watt-hours,  hectowatt-hours,  or  kilowatt-hours  at  the  voltage  of  the  circuit  to 
which  they  are  connected. 

If  both  c  and  v  be  constant,  that  is,  the  power  taken  be  always  the  same, 
then 

E 


or 


^^  =  v.c.  Idt, 

T, 

L  =  W   dt, (3), 


W  being  the  power  in  w^atts.     For  this  purpose  hour-meters  are  used,  which 
consist  of  clocks  electrically  controlled,  whose  function  is  to  register  the  time 
in  hours  during  which  current  has  been  flowing  in  the  circuit. 
If  the  current  c  remain  constant,  then  equation  (1)  becomes 

E  =  clv.dt,        .         .         .         .         .       (4). 

T, 

A  meter  which  measures  the  quantity  expressed  under  the  integral  is  termed 
a  volt-hour  meter. 

The  above  equations  hold  for  both  continuous  and  alternating  current, 
provided  that  c  and  v  represent  the  instantaneous  values  of  the  current  and 
pressure.  In  a  continuous  current  system  the  instantaneous  values  are 
identical  with  the  effective  values,  as  measured  by  an  ammeter  and  voltmeter. 
This  is,  how^ever,  not  the  case  with  alternating  currents,  as  both  the  current 
and  the  voltage  are  periodic  functions,  and  in  general  sine  functions  of  the 
time,  varying  in  a  cyclic  manner  both  in  sense  and  magnitude,  and  are  also 
not  necessarily  in  phase  with  one  another.  If  in  an  alternating  current 
system  c  and  v'  denote  the  effective  or  virtual  values  (the  virtual  value  is 
the  square  root  of  the  mean  of  the  squares  of  the  values  during  half  a  period) 
of  the  current  and  pressure  as  given  by  an  alternating  current  ammeter  and 
voltmeter,  and  cf>  be  the  phase  displacement  between  c  and  v',  then  the  power 
is  c'.v'.  cos  <^,  cos  <f>  being  the  power  factor  of  the  circuit.  Equation  (1)  then 
becomes 

1^=  j  c'.v.  cos  (fidt,  .         .         .         .       (5), 

T, 

and  the  other  equations  are  modified  in  a  similar  manner. 

Law  of  the  Chemical  Meter. — Either  the  chemical,  electro-magnetic,  or 
thermal  action  of  a  current  is  utilised  in  the  construction  of  meters.  An 
electrolytic  meter  depends  on  the  chemical  action  of  a  current  of  electricity, 
and  is  essentially  a  quantity  meter.  It  follows,  from  the  nature  of  electrolytic 
action,  that  such  a  meter  can  only  be  used  for  direct  currents.  When  a 
current  of  electricity  passes  through  certain  liquids,  such  as  dilute  acids  and 
solutions  of  metallic  salts,  chemical  decomposition  takes  place. 

The  current  enters  the  electrolytic  cell  by  the  one  conductor,  the  anode, 
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and  leaves  it  by  the  other  conductor,  the  cathode,  the  electro-positive  elements 
of  the  electrolyte  being  deposited  at  the  cathode  and  the  electro-negative 
elements  at  the  anode.  The  amount  of  electrolytic  decomposition,  i.e.  the 
amount  of  metal  deposited  or  of  gas  evolved,  depends  on  three  factors,  i.e. 
the  strength  of  the  current,  the  time-interval  during  which  the  current  flow 
lasts,  and  the  nature  of  the  electrolyte,  or  the  electro-chemical  equivalent  of 
the  substance  liberated. 

Expressed  mathematically, 

M  =  zjc.dt, (6), 

Ti 

where  M  denotes  in  grammes  the  amount  of  metal  or  gas  set  free  in  T2  -  Tj 
hours,  Z  is  the  electro-chemical  equivalent  expressed  in  grammes  per  ampere- 
hour,  and  c  is  the  current  in  amperes,  supposed  constant  during  the  small 
interval  of  time  dt. 


12 
From  (6)  L.dt=^^, 


or,  the  ampere-hours  are  proportional  to  the  amount  in  grammes  of  the 
electrolytic  deposit.  The  electro-chemical  equivalent  in  grammes  per  ampere- 
hour  of  water  is  "3356,  of  mercury  from  a  mercurous  salt  7*466,  of  zinc  1'213, 
and  of  copper  from  a  cupric  solution  1'178.  Thus  3*36  grammes  of  water  are 
decomposed  per  Board  of  Trade  unit  at  100  volts,  and  in  a  water-decomposing 
meter  the  whole  current  to  be  measured  flows  in  general  through  the 
electrolytic  cell. 

In  the  case  of  chemical  meters  in  which  the  electrolyte  consists  of  a 
solution  of  a  metallic  salt,  only  a  small  fraction  of  the  total  current  is  used 
to  efliect  the  decomposition,  as  the  amount  of  deposit  would  otherwise  be 
excessively  large,  amounting  per  Board  of  Trade  unit  at  100  volts  to  74*7 
grammes  for  mercury  and  12*13  grammes  for  zinc.  In  a  mercury  electrolytic 
meter,  the  fluidity  of  the  metal  is  made  use  of  for  its  measurement  by  volume 
instead  of  by  weight. 

Electro-magnetic  Action. — The  electro-magnetic  eff'ect  of  a  current 
flowing  in  a  conductor  is  the  external  action  which  it  produces,  and  is  due  to 
the  creation  of  a  magnetic  field  in  the  medium  surrounding  the  conductor.  A 
circuit  conveying  a  current  is  acted  upon  by  a  magnet,  or  by  an  adjacent 
circuit  traversed  either  by  the  same  or  a  different  current.  This  electro- 
dynamic  action  between  currents,  or  between  a  current  and  a  magnet,  is 
utilised  in  meters  to  produce  a  rotational  or  oscillatory  motion,  and  to 
influence  an  already  moving  system,  such  as  a  pendulum.  In  motor  meters 
the  motion  is  one  of  rotation,  and  results  from  the  interaction  of  two  magnetic 
fields,  generated  either  by  two  current  systems,  the  one  stationary  and  the  other 
movable,  or  by  one  movable  current  system  and  a  fixed  permanent  magnet. 
In  oscillatory  and  pendulum  meters  the  same  electro-dynamic  principle  is 
involved,  but  in  the  former  the  moving  system  oscillates,  and  in  the  latter  the 
periodic  time  of  the  pendulum  is  either  increased  or  decreased.  Such  meters 
are  at  the  present  day  \ised  almost  exclusively  for  direct  currents,  although, 
provided  that  they  contain  no  iron,  they  are  applicable  to  alternating  current 
measurements.  Alternating  current  meters  are,  however,  based  on  the  prin- 
ciple of  induction,  which  is  explained  in  Chapter  VII. 
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Laws  of  the  Motor  Meter  with  Brake. — In  watt-hour  motor  meters, 
the  speed  of  rotation  of  whicli  should  be  proportional  to  the  power,  the  one 
magnetic  field  is  due  to  the  main  current  flowing  in  the  circuit,  and  the  other 
magnetic  field  is  created  by  a  current  proportional  to  the  supply  pressure. 
The  main  current,  which  is  the  variable  current  to  be  measured,  flows  in  one 
or  two  stationary  coils,  and  the  pressure  current,  which  is  approximately 
constant,  traverses  the  revolving  armature,  having  a  commutator  and  brushes, 
the  motor  constituting  an  electro-dynamometer  with  a  continuously  revolving 
coil. 

In  ampere-hour  motor  meters,  the  speed  of  rotation  of  which  should  be  a 
measure  of  the  current,  the  one  field  is  variable,  and  is  produced  by  the  whole 
or  a  fractional  part  of  the  main  current  in  the  armature,  and  the  other  field  is 
either  fixed,  and  due  to  a  permanent  magnet,  or  it  is  variable  with  the 
current,  and  is  created  by  a  series  electro-magnet. 

The  turning  moment,  or  driving  torque,  exerted  on  the  armature  is 
proportional  to  the  product  of  the  two  magnetic  fields.  These  two  magnetic 
fields  in  a  watt-hour  motor  meter  are  made  dependent,  the  one  on  the  main 
current,  and  the  other  on  the  pressure  current,  the  latter  being  proportional 
to  the  supply  voltage.  In  an  ampere-hour  motor  meter,  however,  either  the 
two  magnetic  fields  are  produced  by  the  main  current,  or  this  current  only 
gives  rise  to  one  magnetic  field,  and  the  other  is  then  a  fixed  field,  due  to  a 
permanent  magnet. 

If  C  denote  the  main  current  in  amperes  and  V  the  applied  P.D.  in  volts, 
then  for  a  watt-hour  motor  meter 

D  =  Ki.C.V,  .  .  .  .  .  (7), 
for  an  ampere-hour  motor  meter  with  a  permanent  magnet 

D  =  K2.C, (8), 

and  for  an  ampere-hour  motor  meter  with  a  series  electro-magnet 

D  =  K3.C^ (9). 

The  speed  of  rotation  must  always  be  proportional  to  the  power  or  the 
current,  and  each  value  of  the  electrical  magnitude  must  correspond  to 
a  perfectly  definite  speed,  which  must  not  vary,  provided  the  particular 
electrical  quantity  remains  the  same.  This  condition  of  no  acceleration  is 
satisfied  when  the  armature  is  at  rest,  and  for  it  to  be  fulfilled  when  motion 
ensues,  or,  in  other  words,  to  obtain  steady  motion,  an  opposing  torque  must  be 
provided  which  will  equilibrate  the  torque  exerted  by  the  electrical  system 
producing  motion.  If  T  denote  the  resisting  torque,  then  the  condition  for 
steady  motion  is 

D-T  =  0. 

The  retarding  torque  of  the  brake  system  employed  in  the  meter  must-  be  an 
exactly  similar  function  of  the  speed,  as  the  driving  torque  is  of  the  electrical 
magnitude. 

When  steady  motion  has  been  established,  if  n  denote  the  revolutions  per 
minute  of  the  armature  when 

D  =  Ki.C.V,     then 
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When  D  =  K2.C  ,     then 

And  finally  when  D  =  K-.C^ ,     then 


V  K', 


Hence  it  follows  that  in  energy  meters  the  speed  of  rotation  must  always  be 
proportional  to  the  power,  and  in  quantity  meters  to  the  current,  so  that  the 
number  of  revolutions  executed  in  a  given  time  will  be  proportional  to  the 
energy  or  quantity  of  electricity  delivered  in  that  time. 

The  retarding  torque  proportional  to  the  speed  is  produced  by  the  well- 
known  magnetic  brake,  which  consists  usually  of  a  light  copper  or  aluminium 
disc,  which  rotates  between  the  poles  of  a  permanent  magnet.  Foucault  or 
eddy  currents  are  induced  in  the  disc  as  it  rotates  in  the  magnetic  field,  and 
the  interaction  between  these  eddies  and  the  magnet  exerts  the  resisting 
torque,  which  varies  directly  as  the  speed  of  rotation  multiplied  by  the  square 
of  the  intensity  of  the  field.  When  the  driving  torque  varies  as  the  square  of 
the  current,  a  retarding  torque  proportional  to  the  square  of  the  speed  has  to 
be  employed,  and  for  this  purpose  air  or  fluid  friction  is  used,  but  the  result 
obtained  is,  in  general,  not  very  satisfactory,  as  this  law  for  fluid  friction 
holds  within  certain  limits  only,  and  the  driving  torque  falls  off  much  more 
rapidly  than  the  current. 

In  a  watt-hour  motor  meter  the  driving  torque  D  =  Ki.C.V,  and  the 
brake  torque  T  =  K\.n,  and  when  the  condition  of  steady  motion  has  been 
established 

Ki.C.V  =  K> (10), 


i.e.  \ndt  =  ^  '      C.Y.dt. 


/«*=&;•  J  ^- 


In  the  above  no  account  has  been  taken  of  the  various  frictional  resistances  to 
motion — brush  friction,  bearing  friction,  friction  between  the  counting  train 
and  gear,  and  air  friction — and  the  result  obtained  is  not  quite  correct.  De- 
noting these  retarding  torques  by  F,  then  equation  (10)  becomes 

This  last  equation  shows  that  the  speed  of  the  meter  is  not  strictly  propor- 
tional to  the  power. 

F 
In  a  well-designed  meter  the  frictional  term  —r  is  very  small,  and  at  high 

.1  . 

loads  is  inappreciable,  but  at  low  loads  may  seriously  affect  the  registration 

of  the  meter.     Friction  is  also  a  maximum  when  the  meter  passes  from  the 

state  of  rest  to  motion,  and  is  also  variable  at  slow  speeds  when  the  driving 

torque  is  small.     To  neutralise  the  eff'ect  of  friction  a  constant  supplemental 
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torque  is  added  to  the  variable  driving  torque  of  the  meter,  and  the  complete 
law  of  the  energy  motor  meter  is  then  expressed  by  the  equation 

Ki.C.V  +  D,  =  KV^  +  F      ....       (11), 

where  Dq  is  the  additional  driving  torque,  which  should  balance  the  frictional 
retarding  torque  F.  The  above  consideration  holds  good  when  the  motion  is 
one  of  oscillation  instead  of  rotation. 

Law  of  the  Motor  Meter  without  Brake. — If  the  armature  of  a  motor 
having  S  surface  conductors  (S  denotes  the  number  of  conductors  round  the 
armature  circumference)  rotate  at  a  speed  of  n  revolutions  per  second  in  a 
field  of  total  magnetic  flux  N,  then  the  counter  electro-motive  force  generated 
in  it  is 

E  =  w.N.S.10-«  volts. 

If  Qa  be  the  current  in  the  armature  in  amperes,  r  be  its  resistance  in  ohms, 
and  V  the  P.D.  across  the  brushes  in  volts,  then 

V  =  E  +  C„.r. 

The  work  done  per  second  on  the  armature  is  E.C.IO^  ergs,  and  if  D  denote 
the  torque  in  dyne-centimetres,  the  work  per  second  is  also  given  by  2.7r.?i.D 
ergs,  so  that 

27rnD  =  E.C«.10'. 


Also 


D  = 

=  C„. 

N-S.10-. 

27r 

c„  = 

_v- 

r 

E 

D  = 

10- 

27r 

r 

E). 


When  the  torque  exerted  is  zero,  i.e.  D  equals  0,  then  V  equals  E,  or 

V  =  «.N.S.IO-«. 

From  which  it  follows,  if  N  be  due  to  a  permanent  magnet,  that  the  speed  is 
proportional  to  the  P.D.  across  the  armature  terminals,  provided  that  the 
motor  does  no  work  and  has  no  internal  losses.  If  V  be  proportional  to  the 
current  to  be  metered,  the  speed  of  the  motor  will  vary  directly  as  the 
number  of  amperes  in  the  circuit. 

A  motor  ampere-hour  meter  can  be  made  on  this  principle  when  the 
motor  is  not  allowed  to  do  external  work — for  instance,  in  the  generation  of 
Foucault  currents  in  a  magnetic  brake— and  the  armature  current  is  approxi- 
mately zero.  On  the  passage  of  a  current  the  motor  armature  is  accelerated 
until  its  back  E.M.F.  balances  the  P.D.  across  the  brushes,  produced  by  tlie 
drop  in  volts  in  the  low-resistance  shunt,  with  which  it  forms  a  parallel 
circuit,  and  which  carries  the  whole  current  of  the  installation. 

Law  of  the  Clock  Meter. — If  T  denote  the  periodic  time  in  seconds  of  a 
freely  swinging  pendulum,  of  mass  M  grammes  and  moment  of  inertia  I, 
expressed  in  C.G.S.  units,  and  if  li  denote  in  centimetres  the  distance  between 
its  centre  of  gravity  and  centre  of  suspension,  g  being  the  acceleration  due  to 
gravity  in  cms.  per  sec.  per  sec,  then 


^=Vffi 


Ugh' 
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and  the  number  of  complete  swings  the  pendulum  executes  in  ^  seconds  is 
given  by 

27r      V       I 

When  the  bob  of  the  pendulum  is  replaced  by  a  coil  energised  by  a  current 
proportional  to  the  voltage,  and  it  be  caused  to  oscillate  over  a  coil  traversed 
by  the  main  current,  due  to  the  mutual  attractions  or  repulsions  between  the 
coils,  the  pendulum  will  be  either  accelerated  or  retarded.  The  new  periodic 
time,  in  the  case  of  an  accelerated  pendulum,  is  given  by 


T    —  9         / 

1  the  number  of  oscil 

''l~27r\/ 1 • 


.c.v 

where  K  is  a  constant,  and  the  number  of  oscillations  in  the  time  t  will  be 

t 

7^1  =  . 

This  may  be  written 


''-.V¥V^-^-^-^^ 


or  Wi  =  ^l  +  K'.C.V)S 

where  K'  =  -——  . 

Mgh 

The  expression  on  the  right-hand  side  of  this  equation  can  be  expanded  in  a 
series  by  the  Binomial  Theorem,  and 

If  the  force  due  to  the  electrical  system  be  small  compared  with  that  exerted 

K' 

by  gravity,  i.e.  the  term  _CV<1,  the  terms  of  the  second  degree  and  above 

can  be  neglected,  and  the  series  approximates  to 

(i  +  f.cv). 

Then  n^  =  n(l+^  .  C.vV 

Therefore,  in  the  short  interval  dt, 

d(n^  -n)     K'  p  ^  dn 

df^^'2    '   di' 

And  ^1^=1. 

dt      T 

py  ^  2T  d{n,  -  n) 
K'        dt       ' 

The  electrical  power  is  proportional  to  the  difference  in  the  rates  of  going  of 
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two  clocks  having  similar  pendulums,  the  one  swinging  freely  under  the  action 
of  gravity,  and  the  other  being  subject  to  electrical  attraction  or  repulsion. 


And 


ic.YM  =  ^^-   L(n,-n)  .         .         .         .       (12), 


or  the  electrical  energy  consumed  in  a  given  period  is  proportional  to  the 
total  difference  in  the  number  of  swings  made  in  that  time  by  the  two 
pendulums.  A  similar  result  is  obtained  by  replacing  the  bob  by  a  permanent 
magnet.  In  this  case,  however,  the  difference  in  the  rates  of  the  two  pendu- 
lums varies  directly  as  the  current,  and  the  sum  of  these  differences  during 
the  interval  under  consideration  will  be  proportional  to  the  quantity  of 
electricity  delivered. 

The  above  result  is  approximate  only,  and  the  errors  due  to  neglecting  the 

term  -—  .  C^.V^  will  become  of  greater  importance  as  the  currents  in  the  main 

8 

coil  become  large.  A  more  accurate  result  is  obtained  by  fitting  each 
pendulum  with  a  pressure  coil,  and  arranging  the  main  current  to  influence 
both  of  them,  so  that  the  one  is  retarded  and  the  other  accelerated,  when  it 
will  be  seen  that  the  effect  of  the  term  of  the  second  degree  is  obliterated. 

In  this  case,  for  the  retarded  pendulum  n^  =  n.{l -K\C.Y)\  and  for  the 
accelerated  pendulum,  ^2  =  ^.(1  -hK'.C.V)*. 

»!=«•  {i-|'-c-v-~c2.v2-5^cn^2- } 

The  terms  of  the  third  degree  and  succeeding  terms  can  be  neglected,  and 


1-"^ 


^'c.v-  ^-Icw^ ' 


n^-n^^n.K'.CY. 
And  in  the  same  way  as  above, 

.Y.dt  =  ±,  \d{n,-n,). 


J-av.,»=l|. 


The  results  obtained  for  a  gravity  pendulum  will  also  hold  for  any  system 
having  a  simple  harmonic  motion,  it  only  being  necessary  to  substitute  the 
law  of  force  producing  motion  for  that  of  gravitation. 

Thermal  Eifect.  -The  heating  effect  of  a  current  in  a  conductor  is  utilised 
in  meters  for  special  purposes  only,  mainly  in  maximum  demand  indicators, 
which  serve  to  register  the  maximum  current  taken  by  an  installation  during 
a  given  period.     If  J  denote  the  mechanical  equivalent  of  heat,  H  the  amount 
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of  heat  generated  by  the  passage  of  a  quantity  of  electricity  Q,  then,  by 
Joule's  law, 

J.H  =  V,Q. 

Assuming  the  current  to  remain  constant  during  the  time  t  seconds,  and  if 
V,  C,  and  R  be  expressed  in  volts,  amperes,  and  ohms,  the  heat  developed  in 
gramme-degrees  Centigrade  is  given  by 

H  =  0-238  V.C./, 

=  0-2381-.  ^ 

-0238Cm^ 

where  J  =  4-2  joules  or  4-2  x  10"  ergs. 

Behaviour  of  Continuous  Current  Three-wire  Energy  Motor  Meters. 
— The  measurement  of  the  electrical  energy  in  continuous  current  multiple-wire 
systems  presents  no  special  difficulties  when  they  are  split  up  into  a  series  of 
two-wire  circuits,  in  each  of  which  a  two-wire  meter  is  used.  It  is,  however, 
not  difficult  to  show,  in  the  case  of  a  three-wire  system,  that  unless  the  two 
branches  be  perfectly  balanced,  i.e.  equally  loaded,  and  the  pressures  between 
the  branches  constant  and  equal,  a  three-wire  energy  motor  meter  will 
register  incorrectly.  If  V^  denote  the  pressure  between  the  -H  outer  and  the 
neutral  conductor,  ¥3  the  pressure  between  the  latter  and  the  -  outer  main, 
and  Cj  and  C^  denote  respectively  the  currents  in  the  positive  and  negative 
outers,  V  being  the  total  voltage  across  the  three-wire  system,  such  that 
V  =  Vj  +  Vg ,  then  the  power  delivered  is 

and  the  energy  consumed  in  the  time  Tg  -  Tj  seconds  is 


I2  '2 


When  both  sides  of   the  system  are  equally  loaded,   Vj  =  V2  =  JV,   and 
Cj  =  C.2  =  C  (say),  when  the  energy  becomes 

T, 

E  =  2JY^.C^.dt, 


or  E=    Y.C.dt. 


Ti 

In  a  watt-hour  three-wire  motor  meter  two  main  current  coils  are  used, 
and  the  one  coil  is  placed  in  series  with  the  positive  conductor  and  the  other 
in  series  with  the  negative  main,  the  armature  circuit  being  energised  by  a 
current  proportional  either  to  the  total  voltage  across  the  system,  or  to  the 
pressure  between  either  outer  and  the  neutral  wire.  Assuming  the  pressure 
current  to  be  due  to  V,  the  total  three-wire  voltage,  then  the  energy  regis- 

tered  by   the   meter  is  equal   to  J.  l\.{Cj^  +  C2)dt.      The   power   delivered 

Ti 

to  the  total  system  is  given  by  the  equation 

P  =  Ci.Vi-hC2V2, 
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and,  however  unbalanced  the  two  branches  may  be, 

hence  P  =  V(Ci  +  C^)  -  V^C^  -  VjC^ . 

By  adding  these  two  equations  for  the  power,  it  follows  that 
2P  =  V(Ci  +  C,)  +  C,(Vi  -  V,)  -  C,(V,  -  \\). 
P  =  |V(C,  +  C,)  +  JCi(V,  -  V,)  -  JC,(Vi  -  V,), 

T,  Ta  To 

and         E  =  I  {\{Q^  +  C.,)dt  +  }Ac^{^\  -  ^^)dt  -  ^jc^iY^  -  Yo)dt . 

T,  Ti  T, 

If  the  system  be  in  perfect  balance,  and  also  when  C^  and  Cg  are  luiequal, 

Q/y_y\  c(y_y') 

but  V^  -  Vo  is  zero,  the  terms     ^^    ^        '^'  and     ^v    i   — 2/  y^[\\  vanish,  and  the 

2  2 

meter  will  register  correctly.  When  the  two  branches  are  unbalanced,  Cj  and 
Cg  being  unequal,  and  also  V^  and  V2  ,  the  energy  given  by  the  three-wire 
meter,  connected  in  the  manner  explained,  will  always  be  greater  than  that 
actually  supplied,  both  when  C^  >  Cj ,  as  then  V^  -  V2  is  positive,  and  when 
Cj  >  Co ,  as  in  this  case  V^  -  Vo  will  be  negative,  so  that  the  error  is  always  of 
the  same  sign. 

When  the  pressure  circuit  of  the  meter  is  connected  between  one  outer 
and  the  neutral  wire  it  will  also  register  incorrectly,  and  will  read  high  or 
low  according  as  the  voltage  across  the  armature  circuit  rises  or  falls.  This 
can  be  easily  shown  as  follows  : 

P^CiVi  +  C^V^. 

Supposing  the  armature  circuit  to  be  energised  by  a  current  proportional  to 
Vj  ,  then 

P  =  Vi(C,  +  C,)-C,(V,-V,). 

Therefore  the  true  energy  is 

T2  T2 

E  =  fVi(Ci  +  C,)dt  -  f C2.(Vi  -  Y^)dt , 

T,  T, 

To 

whereas    the    energy    given    by    the    meter    is    equal    to     lY■^(C^  +  C2)dt , 

T| 

which  is  less  or  greater  than  E  according  as  Vj  -  Y^  is  negative  or  positive. 

It  follows  from  the  above  that  with  this  second  method  of  connection  of 
the  pressure  circuit  of  a  three-wire  meter  the  actual  error  in  any  particular 
case  is  larger  than  with  the  armature  circuit  connected  direct  across  the  outer 
conductors,  and  the  errors  are  not  always  of  the  same  sign,  but  are  positive 
or  negative  according  as  the  voltage  across  the  armature  circuit  is  high 
or  low. 

Note. — In  the  Appendix  at  the  end  of  the  book  will  be  found  three  tables  (A,  B,  C) 
of  percentage  errors  of  continuous  current  energy  motor  meters  corresponding  to  the  above 
three  cases.     These  errors  can  be  readily  verified  from  the  formulfe  stated  above. 


CHAPTER  III. 
CONTINUOUS  CURRENT  QUANTITY"  METERS. 

Definition  of  a  Quantity  Meter — Classification  of  Quantity  Meters — Advantage  of  the 
Quantity  Meter  —  Wright  Electrolytic  Meter  —  Bastian  Electrolytic  Meter — General 
Description  and  Classification  of  Ampere-hour  Motor  Meters  —  Hookhani  Mercury 
Motor  Meter — Ferranti  Mercury  Motor  Meters — O'K.  Meter — Electrical  Company's 
Meter — Eclipse  Meter — Hartmann  &  Braun  Meter— Mordey-Fricker  Oscillating  Meter. 

Definition  of  a  Quantity  Meter. — A  quantity  meter  measures  the  amount 
of  electricity  in  ampere-hours  conveyed  by  the  passage  of  a  current  flowing  in 
a  circuit,  and,  in  general,  is  used  on  a  practically  constant  potential  continuous 
current  system.  When  the  supply  pressure  is  constant  the  current  is  pro- 
portional to  the  watts,  so  that  the  measure  of  the  ampere-hours  becomes  a 
measure,  indirectly,  of  the  energy  in  watt-hours.  For  electric  lighting  a 
quantity  meter  is  invariably  calibrated  to  register  direct  in  terms  of  the 
supply  unit  of  electrical  energy,  without  the  use  of  a  multiplier  or  constant, 
at  the  supply  voltage  of  the  circuit  to  which  it  is  to  be  connected.  In  this 
country  the  supply  unit  is  the  Board  of  Trade  unit,  and  is  equal  to  one 
kilowatt-hour,  or  1000  watt-hours. 

Classification  of  Quantity  Meters. — Quantity  meters  may  be  divided  into 
two  classes,  according  to  their  principle  of  working,  namely,  electrolytic 
meters  and  electro-magnetic  meters.  The  latter  consist  mainly  of  motor 
meters. 

An  electrolytic  meter  may  be  either  of  the  shunted  or  unshunted  variety. 
In  the  unshunted  type  the  whole  current  to  be  measured  flows  through  the 
electrolytic  cell  and  decomposes  the  electrolyte,  whereas  in  the  shunted  type 
practically  the  whole  current  of  the  installation  traverses  a  low  resistance 
with  which  the  electrolytic  cell  forms  a  parallel  circuit,  so  that  only  a  fraction 
of  the  main  current  flows  through  it  and  effects  the  chemical  decomposition. 
All  electrolytic  meters  are  based  on  the  same  principle.  The  rate  of  decom- 
position produced  by  the  passage  of  a  current  in  an  electrolytic  cell  depends 
on  the  strength  of  the  current ;  or,  in  other  words,  the  number  of  grammes 
of  metal  deposited  per  second,  or  the  number  of  cubic  centimetres  of  gas 
evolved  per  second,  is  proportional  to  the  current  in  amperes.  Of  the  very 
numerous  class  of  electricity  supply  meters  of  the  electrolytic  type,  of  which 
the  Edison  meter  was  the  first  to  be  commercially  used,  only  the  Wright 
meter  and  the  Bastian  meter  are  included  in  this  chapter. 

Advantage  of  the  Quantity  Meter. — The  specific  advantage  of  an  ampere- 
hour  meter  is  the  absence  of  any  shunt  loss,  which  in  the  case  of  an  energy 
meter  is  a  continuous  one  whether  the  consumer  be  using  current  or  not. 
This  is  a  matter  of   considerable  importance,  especially  in  connection    with 
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the  supply  of  current  at  200  to  250  volts  to  small  consumers,  many  of  whom 
take,  on  an  average,  less  than  a  couple  of  amperes  at  their  maximum  load.  Even 
for  the  registration  of  large  currents,  a  watt-hour  meter  offers  no  advantage 
over  an  ampere-hour  meter  when  the  system  is  a  constant  potential 
direct  current  one,  except  on  circuits  subject  to  large  voltage  fluctuations. 
For  the  measurement  of  alternating  currents,  however,  watt-hour  meters  are 
exclusively  used,  owing  to  the  lag  or  lead  of  the  current.  It  will  be  readily 
seen  that  with  an  average  shunt  loss  of  4  watts  in  the  pressure  circuit  of  a 
direct  current  energy  meter  at  200  volts,  the 
annual  loss  per  meter  is  35*04  B.O.T.  units, 
which,  at  Id.  per  unit  generated  and  delivered 
at  the  consumer's  terminals,  represents  an  annual 
loss  to  the  station  of  <£146  per  1000  meters 
connected.  This  does  not  represent  the  total 
annual  cost  of  the  meters,  as  to  this  sum  must 
be  added  the  charges  to  cover  depreciation,  main- 
tenance, and  interest  on  capital  outlay,  which  are 
greater  for  energy  meters  than  for  ampere-hour 
meters. 

The  Wright  meter,  made  by  the  Reason  Manu- 
facturing Company,  Brighton,  is  of  the  shunted 
type.  The  essential  parts  of  the  meter  are  the 
electrolytic  cell,  a  fine  wire  resistance  in  series  with 
it,  and  a  low-resistance  shunt,  across  the  terminals 
of  which  the  cell  circuit  is  connected.  The  low- 
resistance  shunt  is  placed  in  one  of  the  supply  /** 
mains,  and  the  current  through  the  cell  is  a  very  ^ 
small  fraction  of  the  current  to  be  measured, 
amounting  to  only  a  few  milli-amperes.  Fig.  1 
represents  the  electrolytic  cell  of  this  meter.  It 
consists  of  a  solution  of  mercurous  nitrate,  a 
mercury  anode  A,  and  a  platinum  cathode  C  in 
the  shape  of  a  hollow  cone.  The  mercurous 
nitrate  solution  practically  fills  the  whole  of  the 
hermetically  sealed  glass  tube  T,  except  for  two 
or  three  cubic  centimetres  of  air  to  permit  of 
expansion.  On  the  passage  of  a  current  through 
the  meter,  the  mercury  is  deposited  in  minute 
globules  in  the  platinum  cone  and  falls  into  the 
U-shaped  syphon  tube  G,  alongside  which  is  fixed 
a  scale  graduated  in  units. 

When  a  quantity  of  mercury  calibrated  to  be 
equal  to  100  units  fills  the  U  tube,  its  level  in  the  Fig.  i. 

first  limb  will  be  slightly  above  the  top  bend  of  the 

syphon.  The  whole  of  this  mercury  will  be  drawn  over  and  will  collect  in 
the  bottom  of  the  sealed  tube,  which  in  tliis  case  is  provided  with  a  second 
100  unit  scale  S. 

By  means  of  the  anode  feeder  F  the  level  of  the  mercury  in  the  anode 
trough  A  is  kept  constant.  A  slight  flow  of  mercury  from  the  anode  feeder 
to  the  anode  takes  place  wlien  any  of  the  mercury  has  been  electrolysed, 
whilst  a  corresponding  amount  of  solution  replaces  the  mercury  thus  with- 
drawn.    The  heavy  solution  formed  at   the    anode    falls,   while    the    weaker 
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solution  at  the  cathode  rises,  and  the  density  of  the  electrolyte  remains 
uniform.  No  differences  of  concentration  exist,  and,  in  consequence,  the 
back  E.M.F.  is  virtually  negligible,  not  exceeding  one  ten-thousandth  of  a 
volt.  The  resistance  of  the  cell  is  also  constant.  This  result  is  accomplished 
by  the  automatic  gravitational  circulation  of  the  solution,  and  by  the  action  of 
the  anode  feeder  in  keeping  the  surface  of  the  mercury  of  the  anode  always  at 
the  same  height  and  of  the  same  area.  The  meter  is  also  compensated  for 
temperature  changes  for  a  range  of  ten  degrees  Centigrade  above  or  below  the 

normal,  as  the  fine 
wire  resistance  coil  in 
series  with  the  cell  is 
so  proportioned  that 
its  increase  in  resist- 
ance just  counterbal- 
ances the  diminution 
in  resistance  of  the 
electrolyte  with  rise 
of  temperature.  The 
final  adjustment  of 
the  meter  is  made  by 
sliding  the  end  wires 
of  the  low-resistance 
shunt  up  or  down  in 
the  terminal  blocks, 
thus  varying  the 
magnitude  of  the 
shunt  resistance  re- 
latively to  that  of  the 
cell  circuit. 

An  illustration  of 
the  complete  meter  is 
given  in  Fig.  2,  and 
represents  the  stand- 
ard 10  ampere  type, 
reading  to  1000  units. 
It  is  enclosed  in  a 
strong  cast-iron  case, 
provided  with  a  door 
having  a  window- 
through  which  the 
scale  can  be  read. 
When  a  meter  has 
registered  the  maxi- 
mum number  of  units 
marked  on  its  scale,  it  must  be  re-set  to  zero.  The  method  of  re-setting  the 
meter  consists  in  tilting  the  whole  tube  about  the  hinged  supporting  brackets, 
so  that  the  mercury  gravitates  back  into  the  anode  and  feeder. 

To  reduce  the  adhesion  of  any  mercury  on  the  catliode  to  a  minimum,  the 
platinum  cone  is  coated  with  finely  divided  metallic  platinum  precipitated 
from  a  solution  of  platinic  chloride.  The  surface  so  coated  is  practically 
incapable  of  supporting  any  mercury  globules.  Difficulties  arising  from 
vibration  are  eliminated  by  supporting  the  whole  of  the  anode  mercury  on  a 
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cone  of  finely  woven  platinum  gauze.  This  permits  of  free  electrolytic  action 
to  the  cathode,  while  the  surface  tension  of  the  mercury  prevents  it  from 
dropping  through.  The  whole  electrolytic  cell  is  supported  in  its  case  on 
five  spiral  springs,  to  guard  against  jars  and  shocks. 

For  2J  up  to  5  amperes  the  meter  is  furnished  with  a  plain  graduated 
tube  which  reads  up  to  250  units.  Most  of  the  defects  inherent  to  electrolytic 
meters,  especially  of  the  shim  ted  type,  such  as  back  E.M.F.,  varying 
proportionality  between  the  shunt  and  cell  circuit  resistance,  under-registra- 
tion  at  low  loads,  tempera- 

ture  errors  and  large  drop  ^^  .nstallat.on 

across  the  terminals,  are 
eliminated  in  this  meter, 
and  a  high  degree  of  accu- 
racy is  attained.  As  the 
curve  of  the  meter  is  practi- 
cally a  straight  line,  it  is 
usual  to  test  it  at  full  load. 

The  balance  between 
the  magnitude  of  the  fine 
wire  resistance  and  the 
resistance  of  the  electrolytic 
cell  can  be  tested  in  two 
ways.  Either  a  full  load 
test  is  taken  at  a  tempera- 
ture differing  from  the 
normal  by  about  10  degrees, 
or  the  resistance  of  the 
electrolytic  cell  circuit  is 
measured  by  a  potentio- 
meter at  normal  tempera- 
ture and  at  some  higher 
temperature.  With  the 
meter  properly  adjusted, 
no  change  in 
will  be  obtained, 
at  which  the 
syphons  over,  in  the  case 
of  meters  fitted  with  the 
second  scale,  can  be  checked 
by  shaking  over  mercury 
until  the  mercury  column 
stands  at  97  or  98  on  the 
unit    scale,    and    then    by 

passing  current  through  the  apparatus  until  the  mercury  goes  over.  The 
point  at  which  this  occurs  should  correspond  to  the  hundredth  division  of  the 
scale.  The  meter  is  readily  adapted  for  use  in  three-wire  installations,  in 
which  two  distinct  two-wire  circuits  are  used.  Fig.  3  shows  diagrammatically 
the  arrangement.  The  installation  is  divided  into  two  approximately  equal 
sections,  the  neutral  wire  being  split  into  two  branches. 

At  the  point  of  junction  A  of  these  two  branches,  two  low  resistances  Rj 
and  Rg  are  inserted,  of  equal  value.  The  current  through  the  cell  will  be 
proportional  to  the  sum  of  the  currents  C^  and  C^  in  the  two  halves  of  the 


resistance 

The  point 

mercury 
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installation.  This  can  be  easily  shown  in  the  following  manner.  The 
difference  of  potential  between  C  and  D,  to  which  points  the  electrolytic  cell 
with  its  compensating  resistance  is  connected,  is  CjRi  +  CgRg ,  or  when  R^  = 
R2  =  R  (say),  this  P.D.  is  R  (Cj  +  Co),  and  therefore  the  current  in  the  cell  is 

^1        2/     where  r   is  the  combined   resistance  of   the  cell   and   the  com- 
r 

pensating  coil.  Hence  the  current  in  the  cell  will  be  exactly  proportional 
to  the  sum  of  the  two  currents,  and  the  one  meter  will  register  the  total 
energy  supplied  to  the  three-wire  installation. 

The  Bastian  Electrolytic  Meter.— The  Bastian  ampere-hour  meter,  made 
by  the  Bastian  Meter  Company,  is  an  unshunted 
electrolytic  meter.  It  has  the  advantage  of  sim- 
plicity, and  permanent  accuracy  when  once  cali- 
brated, while  it  also  registers  with  the  smallest 
current.  The  general  construction  and  arrange- 
ment of  the  latest  type  are  shown  in  Fig.  4.  It 
consists  of  tw^o  nickel  electrodes  inserted  in  a  tube 
of  uniform  bore,  which  contains  a  solution  of 
caustic  soda.  The  top  of  the  tube  is  closed  by 
a  porcelain  cap,  through  which  the  rods  of  the 
electrodes  project.  These  are  joined  by  flexible 
insulated  connections  to  the  meter  terminals, 
imbedded  in  sulphur  in  recesses  cast  on  each  side 
of  the  meter  case.  The  scale  reads  direct  in 
units,  and  can  be  slightly  raised  or  lowered,  so 
as  to  adjust  the  zero  mark  to  the  level  of  the 
electrolyte.  A  thin  layer  of  paraffin  oil  rests  on 
the  top  of  the  liquid  column  to  prevent  loss  of 
water  by  evaporation  or  by  the  evolution  of  the 
gases  on  the  passage  of  a  current.  The  entire 
electrolytic  apparatus  is  fixed  in  a  cast-iron  case, 
the  bottom  of  the  tube  resting  on  an  india-rubber 
cushion.  The  case  is  fitted  with  two  covers,  one 
of  which  has  a  window  for  reading  the  scale,  and 
the  other  is  to  cover  the  terminals.  In  the  older 
type  of  meter  acidulated  w^ater  was  used  as  the 
electrolyte,  and  the  electrodes  consisted  of  platinum 
with  lead  leading-in  rods.  These  constituents 
of  the  cell  have  now  been  abandoned  owing  to 
the  large  drop  across  the  terminals  which  was 
Fig.  4.  obtained,  amounting  at  full  load  to  about  4   or 

5  volts,  and  to  the  trouble  experienced  with 
the  lead  rods.  By  the  use  of  the  caustic  soda  solution  and  the  nickel 
electrodes  the  drop  does  not  exceed  1|%  at  full  load  on  a  200  volt 
circuit.  As  the  current  passes,  the  electrolyte  is  decomposed  and  the  gases 
evolved  pass  off  into  the  atmosphere.  The  difference  in  the  height  of  the 
solution  between  two  readings,  as  indicated  by  the  scale,  denotes  the  number 
of  units  consumed  during  the  interval  which  has  elapsed  between  the  two 
readings.  The  reading  is  always  taken  at  the  junction  of  the  oil  film  and  the 
liquid.  The  Bastian  Meter  Company  have  obtained  an  almost  black  oil,  which 
gives  a  much  more  defined  line  on  the  top  of  the  water  than  ordinary  paraffin 
oil,  so  that  its  use  greatly  facilitates  reading  the  meter.     In  the  action  of  the 
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meter  only  the  water  is  decomposed,  and  the  specific  gravity  of  the  electrolytic 
solution  increases  towards  the  bottom  of  the  scale.  It  is,  therefore,  only 
necessary  to  add  fresh  water  periodically  to  fill  the  tube. 

The  graduations  of  the  scale  can  be  readily  checked  without  passing 
current  through  the  instrument.  The  tube  is  filled  with  water  up  to  the 
bottom  scale-mark  after  the  electrodes  are  inserted.  With  a  burette  graduated 
in  cubic  centimetres,  a  quantity  of  water  is  then  added  equivalent  to  10  or 
20  units  at  the  voltage  for  which  the  meter  has  been  calibrated. 

The  level  of  the  liquid  column  is  noted,  and  should  coincide  with  the 
corresponding  scale  division.  By  repeating  this  process  the  accuracy  of  the 
scale  graduations  can  be  determined. 

General  Description  and  Classification  of  Ampere-hour  Motor  Meters. 
— Motor  meters  form  by  far  the  largest  class  of  electricity  supply  meters  in 
commercial  use.  An  ampere-hour  motor  meter  has  three  essential  parts — the 
motor,  the  brake,  and  the  integrating  mechanism.  The  motor  consists  of  an 
armature  which  rotates  in  a  magnetic  field  produced  either  by  a  permanent 
magnet  or  by  an  electro-magnet,  usually  in  series  with  the  armature.  In  both 
cases  the  current  delivered  to  the  installation  flows  either  entirely  or  in  part 
through  the  armature,  which  is  connected  to  one  of  the  supply  mains.  The 
motor  drives  the  integrating  mechanism  and  a  brake,  the  function  of  which 
is  to  maintain  a  direct  proportionality  between  the  speed  of  the  motor  and  the 
current  flowing,  so  that  the  reading  of  the  integrating  train  is  proportional  to 
the  quantity  of  electricity  delivered  in  a  given  interval  of  time. 

When  a  permanent  magnet  is  employed  for  the  motor  field,  the  driving 
torq\ie  is  proportional  to  the  current.  In  this  case  the  retarding  device 
consists  of  a  copper  or  aluminium  bell  or  disc,  which  is  mounted  on  the 
armature  spindle  and  rotates  between  the  poles  of  the  permanent  magnet. 
The  Foucault  currents  generated  in  the  bell  or  disc  exert  a  brake  torque, 
which  varies  directly  as  the  speed,  so  that  when  these  tw^o  torques  balance 
one  another  a  direct  ratio  is  obtained  between  the  speed  and  the  current. 

If  the  magnetic  field  of  the  motor  be  due  to  an  electro-magnet  in  series 
with  the  armature,  the  driving  torque  is  proportional  to  the  square  of  the 
current,  and  a  brake  system  must  be  adopted  such  that  the  resisting  torque 
varies  as  the  square  of  the  speed,  as  with  air  and  fluid  friction.  It  also 
follows,  when  balance  occurs,  that  the  rate  of  revolution  of  the  armature  is 
proportional  to  the  current  to  be  measured. 

In  all  cases,  however,  due  to  solid  friction,  a  straight  line  law  between  the 
current  and  the  speed  cannot  be  exactly  obtained.  By  making  the  driving 
torque  large  and  keeping  solid  friction — i.e.  bearing  friction,  brush,  friction, 
and  friction  of  the  counting  train  and  gear — as  low  as  possible,  the  departure 
from  the  straight  line  law  is  slight,  and  will  mainly  be  noticeable  at  low  loads. 

The  integrating  mechanism  is  a  train  of  wheels  fitted  with  index  hands 
and  dials,  as  in  the  ordinary  gas  meter  type,  or  with  rotating  number  drums 
or  discs,  the  figures  on  which  appear  in  line  through  slots  in  the  dial  face,  and, 
in  general,  spring  into  position. 

In  every  case  the  registration  is  given  direct  in  Board  of  Trade  units  at 
the  voltage  of  the  circuit  to  which  the  meter  is  to  be  connected. 

Ampere-hour  motor  meters  may  be  divided  into  two  classes — commutator 
motor  meters  and  mercury  motor  meters.  In  the  mercury  motor  meter  no 
commutator  and  brushes  are  employed,  the  mercury  bath  accomplishing 
the  same  end,  and  in  one  of  the  types  of  the  Ferranti  meters  the  mercury 
constitutes,  in  addition,  the  armature  of  the  motor. 

3 
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The  Chamberlain-Hookham  Ampere-hour  Meter. — The  ampere-hour 
meter  manufactured  by  Messrs  Chamberlain  &  Hookham,  Ltd.,  Birmingham, 
is  in  principle  the  same  as  a  small  series  motor  with  permanent  magnets.  The 
driving  torque  is  proportional  to  the  current  to  be  metered,  and  the  work 
done  is  dissipated  in  Foucault  currents  proportional  to  the  speed.  A  section 
of  the  instrument  is  given  in  Fig.  5,  showing  in  detail  the  construction  of  its 
constituent  parts. 


The  permanent  magnet  consists  of  a  single  bent  bar  A  A  of  tungsten  steel, 
mounted  vertically  on  soft  iron  plates  B  B,  and  separated  in  the  middle  by  a 
brass  piece  C.  E  E  are  the  brake  pole-pieces,  and  D  D  is  the  circular  iron 
bridge-piece  forming  the  lower  half  of  the  mercury  chamber  L  L,  in  which  the 
armature  N  is  immersed  and  partially  floated.  The  magnetic  circuit  of  the 
brake  field  is  completed  through  the  air-gap  in  which  the  aluminium  brake 
disc  0  rotates,  the  upper  pole-pieces  E  E,  and  the  bridge-pieces  G.     The  lines 
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of  force  constituting  the  driving  field  of  the  meter  pass  from  the  one  soft  iron 
plate  B  vertically  downwards  into  the  merciuy  chamber,  cutting  the  armature 
disc  ;  they  then  traverse  the  iron  bridge-piece  D  D,  and  re-enter  the  mercury 
chamber  vertically  upwards,  again  cutting  the  armature  disc,  and  finally  leave 
by  the  other  iron  plate  B.  An  intense  magnetic  field  is  produced  at  B  D  in 
this  maimer,  and  is  cut  twice  by  the  armature  disc  in  opposite  senses. 

The  armature  consists  of  a  copper  disc,  slit  radially,  and  amalgamated  on 
the    rim    so    that  current  can  only  flow  diametrically  across  it,  and  is  con- 


FlG. 


centrated  within  the  area  beneath  the  brake  pole-pieces.  To  prevent 
amalgamation  with  the  mercury,  the  upper  and  lower  surfaces  of  the  armature 
disc  are  suitably  protected. 

1 1  are  the  two  main  current  terminals,  and  K  K  are  insulated  copper 
strips  terminating  in  the  mercury,  which  is  insulated  from  the  other  parts 
of  the  containing  vessel.  The  current  to  be  metered  enters  the  mercury  by  the 
copper  strip  connected  to  the  +  terminal  and  leaves  the  instrument  by  the  - 
terminal  after  flowing  through  the  armature  and  round  the  series  coil  H.  This 
coil  compensates  for  the  increase  of  fluid  friction  with  increase  of  speed  on  the 
high  loads  by  weakening  the  magnetic  flux  cutting  the  brake  disc.  It  does 
not  affect  the  driving  torque  on  the  armature  disc,   but  only  acts  upon  the 
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brake  field.  The  effect  of  this  coil  can  be  altered  by  adjusting  the  bridge- 
piece  G  on  which  it  is  mounted,  and  this  adjustment  can  be  used  for  altering 
the  constant  of  the  meter  at  the  high  loads  ;  it  will  not  produce  any  appreciable 
effect  on  light  loads.  The  adjustment  of  the  brake  torque  relatively  to  the 
driving  torque  is  carried  out  by  raising  or  lowering  the  arm  Y  carrying  the 
brake  pole-pieces. 

By  means  of  the  reduced  neck  at  F  of  one  of  the  brake  pole-pieces,  and 
by  the  use  of  the  soft  iron  plates  and  bridge-pieces,  the  magnetic  fields  are 


Fig.  7. 


kept  constant,  and  remain  unaffected  by  any  diminution  in  the  magnetism  of 
the  permanent  magnet.  The  weight  of  the  rotating  element  is  mainly 
carried  by  the  mercury,  with  the  result  that  friction  on  the  bearings  is  very 
small.  The  meter  stands  on  an  ebonite  base  X  X,  and  is  enclosed  in  a  cast- 
iron  case  of  strong  mechanical  construction.  For  transit  the  armature 
spindle  V  is  lifted  off  the  lower  jewel  and  clamped  against  the  upper  spring 
guide-bearing  by  the  stop-screw  in  front  of  the  instrument,  the  latest  type  of 
which  is  illustrated  in  Fig.  6. 

The  revolutions  of  the  armature  spindle  are  transferred  to  the  index  train. 
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the  dials  of  which  indicate  direct  in  B.O.T.  units  at  the  voltage  at  which  the 
meter  is  calibrated.  The  index  hands  on  the  dials  can  be  easily  detached  and 
placed  at  zero,  to  facilitate  testing  and  setting.  Each  meter  is  supplied  with 
a  meter  constant,  giving  the  time  in  seconds  per  revolution  of  the  armature 
per  ampere,  and  this  can  be  readily  checked  by  sending  a  suitable  current 
through  the  meter  and  noting  the  time  taken  by  the  brake  disc  to  make  a 
given  number  of  revolutions.  The  integrating  train  is  removed  by  unscrewing 
two  bolts,  when  another  spindle  with  a  different  ratio  wheel  and  worm  can  be 
inserted  in  it,  which  forms  the  usual  alteration  necessary  to  adapt  the  meter 
for  use  with  a  diiferent  voltage. 

To  meet  the  demand  for  a  cheap  but  reliable  meter  for  the  registration  of 
small  currents,  this  company  supply  their  1902  type  for  IJ  up  to  5  amperes. 
The  principle  of  working  is  the  same  as  in  the  large  type  just  described,  the 
meter  differing  from  it  in  constructional  design  only.  The  armature  consists 
of  a  cylindrical  copper  bell  rotating  in  an  annular  chamber  filled  with  mercury. 
The  chamber  is  formed  by  the  poles  of  the  permanent  magnet  and  an  ebonite 
block  in  which  the  poles  are  partially  imbedded.  The  current  of  the  installa- 
tion is  led  into  and  out  of  the  mercury  chamber  by  means  of  two  conductors, 
of  which  the  one  is  connected  to  the  top  of  the  chamber  and  the  other  to  the 
underneath  portion  and  on  the  same  side.  The  current  thus  flows  down  one 
side  of  the  armature  only,  and  the  electro-magnetic  action  between  it  and  the 
strong  magnetic  field  between  the  poles  of  the  permanent  magnet  causes  it  to 
rotate.  The  same  field  is  utilised  to  produce  the  brake  torque  by  means  of 
the  eddy  currents  generated  in  the  revolving  copper  bell. 

A  compensating  coil  in  series  with  the  armature  is  also  used  to  compensate 
for  the  error  at  high  loads,  due  to  increased  fluid  friction.  It  is  wound  on  an 
iron  core  placed  as  a  shunt  to  the  poles,  and  is  in  the  front  of  the  meter,  a 
view  of  which  is  given  in  Fig.  7.  The  action  of  the  coil  is  to  divert  a  portion 
of  the  field  from  the  poles  of  the  permanent  magnet  to  the  core.  In  this 
manner  the  permanent  magnet  is  shielded  also  from  the  effect  of  a  short- 
circuit  current.  The  adjustment  of  the  meter  on  the  high  loads  is  made  by 
the  aid  of  the  compensating  coil,  which  is  wound  in  sections.  Either  the 
whole  coil  or  one  or  more  of  the  sections  can  be  used,  and  in  this  way  its 
effect  correspondingly  varied. 

The  Ferranti  Meter. — The  Ferranti  ampere-hour  meter  is  in  reality  a 
series  motor  of  the  unipolar  type,  and  is  shown  in  section  in  Fig.  8,  which  repre- 
sents a  10  ampere  size.  The  magnetic  field  is  produced  by  a  cylindrical  electro- 
magnet, having  inwardly  projecting  steel  poles.  The  series  coil  C  C  is  mounted 
on  the  steel  pole  S  P,  and  is  connected  to  the  negative  meter  terminal  marked 
T  - ,  which  is  insulated  from  the  magnet,  and  to  the  iron  ring  I  E..  This  ring 
embraces  the  poles,  and  forms  with  them  an  annular  chamber,  which  is  filled 
with  mercury.  The  mercury  bath  M  B  is  insulated  on  the  top  and  the  bottom 
by  means  of  fibre,  and  constitutes  the  armature  of  the  motor. 

To  prevent  over-magnetisation  due  to  an  excess  current  through  the  meter, 
a  soft  iron  sleeve  S  is  slipped  over  the  steel  pole,  which  is  magnetised  to  a 
certain  degree  for  the  meter  to  start  with  small  currents. 

Prior  to  the  use  of  the  iron  sleeve,  the  eftect  of  a  short-circuit  current  was 
to  over-magnetise  the  steel  pole  and  cause  the  meter  to  run  light  and  too  fast 
on  low  loads.  The  brake  system  consists  of  a  light  fan  of  four  vanes,  im- 
mersed in  the  mercury,  and  mounted  on  a  vertical  spindle.  The  spindle  runs 
in  a  jewel  bearing,  with,  however,  an  extremely  small  amount  of  friction,  as  the 
weight  of  the  revolving  element  is  mainly  borne  by  the  mercury. 
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The  current  enters  the  meter  at  the  positive  terminal  marked  T  + , 
traverses  the  pole  S  P  and  passes  into  the  mercury  at  the  contact  C. 


whence  it 
It  then 


flows  radially  through  the  mercury  to  the  iron  ring,  circulates  round  the  series 
coil,  and  leaves  by  the  negative  terminal. 

The  electro-magnetic  action  between  the  magnetic  field  of  the  electro-magnet 
and  the  current  in  the  mercury  causes  the  latter  to  rotate,  and  with  it  the 
brake  fan  and  spindle. 

The  driving  torque  is  in  this  case 
proportional  to  the  square  of  the 
current,  and  the  resisting  torque 
due  to  the  fluid  friction  on  the  fan 
is  proportional  to  the  square  of  the 
speed,  so  that  when  balance  ensues, 
neglecting  friction,  the  speed  is 
directly  proportional  to  the  current 
flowing.  The  manner  in  which  the 
revolutions  of  the  meter  spindle  are 
conveyed  to  the  integrating  train 
will  be  understood  by  reference  to 
Fig.  8  and  Fig.  9,  the  latter  of  which 
is  an  illustration  of  the  swing  train 
at  the  back  of  the  meter  dial.  The 
worm  W  on  the  meter  spindle  drives 

a  swing  train  S  T,  which  carries  on  its  last  spindle  a  ratio  pinion,  gear- 
ing with  the  ratio  wheel  on  the  first  spindle  of  the  index  train.  Fig.  10 
is   a   view    of   the   back   of   the  front  train,  with  the  swing  train  removed, 


Fig.  10. 
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showing  the  ratio  wheel,  the  top  jewel  bracket,  and  the  swing  plate.  By 
means  of  this  plate,  which  carries  the  swing  train,  the  first  wheel  can  be 
adjusted  to  gear  with  the  worm  on  the  spindle. 

The  high-load  adjustment  and  the  adjustment  for  different  voltages  are 
carried  out  by  altering  both  the  ratio  wheel  and  the  pinion.  For  this  purpose 
the  meter  is  provided  with  a  complete  set  of  these  wheels  and  pinions. 
Particulars  of  the  ratio  wheel  and  pinion,  and  of  the  voltage  for  which  the 
meter  has  been  calibrated,  are  marked  on  the  back  of  the  dial,  as  will  be  seen 
from  Fig.  10.  The  wheels  of  the  swing  train  have  numbers  marked  on  them, 
by  means  of  which  the  revolutions  of  the  meter  spindle  can  be  read  off,  and  a 

quick  and  reliable  test  made  of   the 

meter  constant.  A  front  view  of  the 
complete  instrument  is  given  in  Fig. 
11,  from  which  its  sound  mechanical 
construction  will  be  readily  seen.  It 
is  enclosed  in  a  strong  caSt-iron  case, 
which  is  divided  into  two  chambers, 
separated  by  a  thick  presspahn  washer. 
The  upper  chamber  encloses  the  coimt- 
ing  train,  and  is  provided  with  two 
window^s,  one  in  front  for  reading  the 
dials,  which  indicate  direct  in  Board  of 
Trade  units,  and  the  other  at  the  back 
for  counting  the  revolutions  of  the 
spindle  on  the  swing  train. 

The  meter  has  to  be  filled  wdth 
mercury  before  it  is  placed  on  circuit. 
The  top  cover  is  first  removed,  then 
the  mercury  screw  is  taken  out  of  the 
hole  on  the  top  of  the  train  support, 
to  be  seen  in  Figs.  9  and  10,  when 
the  proper  amount  of  mercury,  pro- 
vided with  each  meter,  is  poured  in 
through  a  glass  funnel. 

Messrs  Ferranti,  Ltd.,  have  just 
recently  introduced  a  new  continuous 
current  ampere-hour  meter  of  the 
mercury  motor  type,  but  differing  in 
many  essential  details  from  the  one 
just  described.  The  general  construc- 
be  understood  by  reference  to  Figs, 
consists  of  a  platinum-plated  copper 
bath  MB,  formed  by  the  two  nickel- 
The  plates  B  P  are  suitably 
insulated  from  the  mercury  on  their  internal  surfaces  by  the  presspahn 
insulation  P  I.  The  edge  and  centre  of  the  copper  armature  disc  are 
amalgamated,  so  as  to  ensure  that  the  current  passes  through  the  disc 
from  the  copper  contact  Cj  to  the  second  copper  contact  CV  The  armature 
is  mounted  on  the  steel  spindle  S,  which  runs  in  a  removable  cup  jewel  J, 
and  drives  the  integrating  train  through  the  worm  wheel  W  W  and  a  variable 
wheel  gear.  The  armature  is  weighted  by  means  of  the  weight  W  so  that 
the  disc  just  sinks  in  the  mercury,  considerably  reducing  the  pressure  and 


Fig.  11. 


will 


tion  and   working  of   the   meter 

12  to  15.  The  armature  in  this  cas 

disc  CD,  immersed  in  the    mercury 

plated  brass  plates  B  P  and  the  fibre  ring  F  R. 
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friction  on  the  lower  jewel,  and  the  balance  of  the  disc  is  adjusted  by  means 
of  the  three  small  nuts  N. 


Fig.  12. 


Fig.  13. 


Two  permanent  magnets  P  M  and  two  pairs  of  poles  S  D  and  S  B  are  used, 
the  former  pair  producing  the  driving  torque 
on  the  disc  when  current  flows  through  the 
latter,  and  both  pairs  of  poles  produce  the 
retarding  torque  proportional  to  the  speed. 
The  current  to  be  measured  flows  from  the 
positive  terminal  T^  to  the  copper  contact 
Cj,  from  which  it  enters  the  mercury  bath 
and  flows  through  the  armature  disc,  cutting 
the  lines  of  force  due  to  the  driving  poles 
S  D,  and  leaves  again  by  the  second  copper 
contact  C^  in  series  with  the  compensating 
coil  C  C  and  the  negative  terminal  T2.  The 
rotation  of  the  disc  between  the  two  pairs 
of  poles  sets  up  Foucault  currents  in  the 
disc,  which,  reacting  with  the  magnetic 
fields  of  the  two  pairs  of  poles,  produce 
the  brake  torque  proportional  to  the  speed. 
When   balance   occurs   between    these    two 


42 


ELECTRICITY    METERS. 


torques,  neglecting  solid  and  fluid  friction,  i.e.  when  the  condition  of  steady 
motion  is  reached,  the  speed  is  proportional  to  the  current.  At  high 
loads,  however,  this  proportionality  between  the  speed  and  the  current 
will  be  destroyed,  owing  to  the  mercury  fluid  friction,  which  causes  the  meter 
to  run  slow  at  the  higher  loads.  To  compensate  for  this  disturbing  effect,  the 
compensating  coil  C  C,  already  referred  to,  is  used,  and  is  traversed  by  the 
main  current  flowing.     It  is  carried  on  the  lower  iron  bar  \  Bj,  which  unites 

the  bottom  poles  together. 
The  top  poles  are  also  joined 
through  the  upper  iron  bar 
loB.^.  The  coil  is  so  wound 
that  the  lines  of  force  (Fig.  1 2) 
produced  by  the  current  flow- 
ing go  in  the  direction  indi- 
cated by  the  arrows  C  F.  This 
flux  increases  the  magnetic 
field  in  the  driving  poles  S  D, 
and  decreases  the  magnetic 
field  in  the  retarding  poles 
S  B  of  the  permanent  magnets, 
the  fields  of  which  are  shown 
by  the  arrows  MF.  It  will 
be  remembered  that  both  pairs 
of  poles  retard  the  disc ;  and 
since  the  flux  of  the  one  is 
increased  and  that  of  the  other 
is  decreased,  the  total  retard- 
ing torque  remains  the  same 
with  or  without  the  correcting 
coil.  The  driving  torque  is, 
however,  increased  at  the  high 
loads,  so  that  the  disturbing 
effect  of  fluid  friction  is  recti- 
fied. 

The  meter  is  made,  as  ex- 
plained above,  for  sizes  from  3 
up  to  100  amperes,  but  for 
larger  capacities  is  supplied 
with  a  suitable  shunt.  A 
small  adjustment  of  the  con- 
stant of  the  meter  is  provided 
by  means  of  the  variable  re- 
sistance VR  (Fig.  12),  con- 
nected as  a  shunt  to  the  meter. 
It  has  six  terminals.  By  connecting  the  lead  L  to  the  terminals  from  0  to  5, 
from  0  to  5  per  cent,  of  the  current  is  shunted  from  the  mercury  bath,  and 
a  speed  reduction  up  to  5  per  cent,  can  be  obtained.  By  means  of  this  resist- 
ance a  simple  adjustment  of  the  meter  to  a  few  per  cent,  is  obtained  without 
the  necessity  of  removing  the  existing  ratio  wheels  and  the  fitting  of 
others. 

Referring  to  the  figures,  the  mercury  is  poured  into  the  trough  through  the 
hole  M  H,  which  afterwards  is  closed  with  a  screw,  and  the  mercury  chamber 


Fig.  15. 
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is  sealed,  for  transit  or  handling,  by  turning  in  a  clockwise  direction  the  knob 
K  (Fig.  12). 

The  elements  of  the  meter  are  enclosed  in  a  strong  cast-iron  case,  and  the 
terminals  are  arranged  at  the  top  of  the  instrument.  The  terminal  chamber 
is  separately  sealed,  and  gives  access  to  the  mercury  sealing-knob  K  without 
the  necessity  of  opening  the  main  meter  case.  The  mechanical  design, 
characteristic  of  the  Ferranti  meters,  will  be  readily  followed  from  the 
illustrations. 

The  meter  is  very  quickly  tested,  as  the  front  dial  has  a  ^o  ^^^li^  circle,  and 
there  is  also  a  small  wheel  with  graduations  on  its  edge,  by  which  readings 
can  be  taken  of  yj^  of  a  unit.  This  wheel  is  readily  visible  through  the  front 
meter  window,  and  is  clearly  shown  both  in  Fig.  12  and  in  Fig.  15,  which  is  a 
front  view  of  the  complete  meter  with  the  cover  and  terminal  door  removed. 

The  O'K.  Meter. — An  extremely  simple 
ampere-hour  motor  meter,  with  an  electrical 
efficiency  of  very  nearly  luiity,  is  that  in- 
vented by  O'Keenan,  of  Paris,  and  known 
as  the  O'K.  meter.  In  this  case  the  motor 
does  no  outside  work  beyond  driving  the 
integrating  train  and  overcoming  the  very 
small  amount  of  friction  in  the  bearings,  the 
armature  being  accelerated  on  the  passage 
of  a  current  in  the  circuit  to  which  it  is 
connected  until  the  counter  and  applied 
electro-motive  forces  across  the  brushes  are 
equal,  when  the  speed  remains  steady,  pro- 
vided the  current  does  not  vary.  The  speed 
of  rotation  is  then  proportional  to  the 
potential  difference  across  the  terminals. 
The  O'K.  meter  is  manufactured  by  the 
Compagnie  pour  la  Fabrication  des  Comp- 
teurs,  Paris,  the  Danubia  Actiengesellschaft, 
Vienna,  and  by  the  British  Thomson-Houston 
Company,  Rugby.  The  main  difference 
exists  in  connection  with  the  commutator 
and  brushes,  which  are  of  silver  in  these 
meters  of  the  French  and  German  com- 
panies, whereas  the  British  Thomson-Houston 
Company  use  gold  commutator  segments  and  gold-tipped  brushe 
a  view  of  the  O'K.  meter  of  the  last-named  company. 

A  strong  permanent  magnet  is  used  having  a  stationary  core  of  soft  iron, 
supported  on  a  bracket  between  the  poles  of  the  magnet.  The  armature 
rotates  in  the  air-gap  between  the  poles  and  embraces  the  fixed  iron  core.  It 
is  former  wound  and  connected  to  a  four-part  commutator.  The  whole 
revolving  element  is  mounted  on  a  vertical  spindle,  which  runs  in  a  sapphire 
jewel  supported  in  a  spring-seating  in  the  jewel  screw.  The  spindle  is  guided 
at  the  upper  end,  and  drives  through  a  fine  worm  the  integrating  train.  On 
the  right  of  the  motor  is  a  low-resistance  shunt,  to  the  ends  of  which  the 
l)rushes  are  connected.  This  shunt  resistance  is  joined  to  the  terminals  of 
the  meter,  and  is  placed  in  series  with  one  of  the  mains  to  the  consumer's 
circuit.  No  brake  or  resisting  device  is  employed.  The  current  flowing  in 
the  installation  to  which  the  meter  is  connected  divides  in  the  meter  into  two 


Fig.  16. 


Fig.  16  is 
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parts,  of  which  the  one  flows  through  the  shunt  and  the  other  through  the 
armature  of  the  motor.  When  the  circuit  is  closed  the  armature  begins  to 
rotate,  and  its  speed  increases  until  the  back  E.M.F.  of  the  revolving  armature 
counterbalances  the  potential  difference  at  its  terminals.     When  this  condition 

is  reached,  only  so  much  current  flows 
through  the  armature  as  is  necessary  to 
overcome  the  frictional  resistances  to 
motion,  which  are  reduced  to  a  minimum. 
The  speed  of  the  motor  is  therefore  propor- 
tional to  the  P.D.  across  the  shunt  resist- 
ance, and  consequently  to  the  total  current 
flowing.  Practically  the  whole  current 
passes  through  the  low-resistance  shunt,  as 
the  current  in  the  armature  is  almost  negli- 
gible, and  any  alterations  in  resistance  of 
the  armature  circuit  will  not  influence  the 
indications  of  the  meter,  which  is  therefore 
independent  of  temperature  variations.  It 
is  also  uninfluenced  by  short-circuits.  The 
commutator  and  brushes  are  arranged  at 
the  bottom  of  the  meter,  and,  together  with 
the  lower  jewel-bearing,  are  protected  by  a 
separate  cap,  fixed  to  the  main  meter  cover 
by  a  bayonet  catch.  These  parts  are  thus 
readily  accessible  for  inspection  and  clean- 
ing. The  general  appearance  of  the  meter 
with  the  case  on  will  be  seen  from  Fig.  17. 

The  speed  of  the  meter  is  regulated  at 
full  load  by  altering  the  position  of  the 
sliding  contact  of  the  low-resistance  shunt 
in  series  with  the  main  circuit.  The  meter 
is  usually  made  for  small  currents  up  to 
fifteen  amperes.  The  Compagnie  pour  la 
Fabrication  des  Compteurs,  Paris,  however,  adapt  it  for  use  on  circuits  taking 
up  to  100  amperes,  by  compounding  it  with  a  pressure  circuit  consisting 
of  a  high  resistance  placed  across  the  supply  mains,  and  producing  a  constant 
small  extra  potential  difference  be- 
tween the  brushes  of  the  armature. 
The  method  they  employ  will  be 
understood  by  reference  to  the  dia- 
grammatic sketch  in  Fig.  18,  in  which 
the  meter  is  shown  placed  in  the  posi- 
tive side  of  the  circuit.  With  the 
connections  as  shown,  the  potential  of 
the  left-hand  brush  of  the  armature 
A  will  be  higher  than  that  of  the 
right-hand  brush,  and  the  armature 
will  rotate  from  left  to  right  on  the 
passage  of  a  current  through  the  low-resistance  shimt  R  in  series  with  the 
positive  main.  On  light  loads  there  will,  however,  be  a  tendency  to  run 
slow,  as  it  is  not  possible  to  eliminate  all  the  frictional  disturbances  to 
motion.     If,  on   the   other   hand,  by  some   means  a  potential   difference   is 


Fig.  17. 


Fig.  18. 
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established  between  the  brushes,  which  will  produce  a  current  in  the 
armature  just  sufficient  to  give  the  necessary  torque  to  overcome  these 
frictional  resistances,  the  torque  and  accuracy  of  the  meter  will  be  consider- 
ably increased,  and  its  curve  rectified  at  this  end.  This  result,  as  already 
mentioned,  is  obtained  by  inserting  a  high-resistance  R'  between  the  right- 
hand  terminal  S  and  the  negative  main,  and  connecting  the  right-hand  brush 
to  an  intermediate  point  C  of  this  resistance.  The  current  which  traverses 
this  high-resistance  pressure  circuit  is  only  0*01  ampere,  so  that  the  watt  loss 
is  low,  being  1  watt  per  100  volts. 

The  constant  drop  across  S  C  produced  in  this  way  is  added  to  the  drop 
across  the  low  resistance  through  which  the  main  current  flows,  augmenting 
the  P.D.  across  the  brushes  of  the  motor. 

The  high-load  adjustment  is  made  by  altering  the  position  of  the  sliding 
contact  on  the  low  resistance,  and  the  friction  compensation  at  light  loads, 
that  is,  at  about  t^V  full  load,  is  carried  out  by  increasing  or  decreasing  the 


?        ^ 
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Fig.  19. 


portion  S  C  of  the  pressure  circuit  between  the  right-hand  terminal  S  and  the 
right-hand  brush,  according  as  the  meter  is  running  slow  or  fast.  Increasing 
this  portion  will  raise  the  P.D.  across  the  brushes,  and  therefore  augment  the 
speed  of  the  armature. 

In  Fig.  19  is  shown  a  diagram  of  the  arrangement  of  the  O'K.  meter  when 
used  by  the  British  Thomson-Houston  Company  for  a  three-wire  circuit. 

The  meter  is  provided  with  two  low-resistance  wires  R^  and  Rg,  in  series 
with  one  another,  and  having  their  extremities  connected  to  the  armature 
brushes. 

The  common  junction  of  these  two  resistances  is  joined  to  the  middle 
terminal  of  the  meter,  to  which  the  neutral  wire  is  brought,  and  each 
resistance  carries  the  current  in  that  half  of  the  system  to  which  it  is 
connected.  The  speed  of  the  armature  depends  on  the  sum  of  the  potential 
differences  between  the  common  junction  and  the  ends  of  the  two  resistance 
shunts,  and  the  meter  correctly  registers  the  ampere-hours  or  watt-hours 
delivered  to  the  three-wire  circuit,  irrespective  of  the  loads  of  the  two  sides. 

The  O'K.    three-wire  meter  of   the    Compagnie  pour   la    Fabrication  des 
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Compteurs,  Paris,  consists  practically  of  two  two-wire  O'K.  meters  com])ined 

to  form  one  instrument.     The  two  armatures  rotate  between  the  upper  and 

lower  pole-pieces  of  two  permanent  mag- 
nets, and  each  is  connected  across  the  ends 
of  a  separate  low-resistance  shunt,  the 
right-hand  resistance  connected  to  the 
upper  O'K.  armature  being  clearly  visible 
in  the  illustration  of  their  three-wire  meter 
given  in  Fig.  20.  Each  resistance  is 
traversed  by  the  current  in  one  of  the 
outers  of  the  three-wire  circuit,  and  the 
speeds  of  rotation  of  the  armatures  are 
respectively  proportional  to  these  two  cur- 
rents. The  two  armatures  are  mounted 
on  separate  spindles,  and  each  armature 
spindle  drives  through  a  differential  gear 
the  one  counting  train  of  the  meter,  which 
registers  the  inimber  of  ampere-hours  or 
watt-hours  consumed  in  the  two  branches. 
Electrically,  the  two  portions  of  the  meter 
are  quite  independent  of  one  another, 
which  is  an  important  feature,  as,  in 
consequence,  the  same  accuracy  can  be 
obtained  on  each  of  the  two  sides  of 
the  system  whether  they  are  equally  or 
unequally  loaded.  The  meter  is  com- 
pact, light,  and  has  no  shunt  loss.  Fig. 
21  shows  diagrammatically  the  method 
of   coimection   to   be    used.       This   meter 

is  also  used  by  the  British  Tliomson-Houston  Company. 
The  Electrical    Company's  Ampere-hour  Motor  Meter. 

hour  motor  meter  of  the  Electrical  Company, 

Limited,  London  (manufactured  by  the  All- 

gemeine  Elektricitats-Gesellschaft,  Berlin), 

differs  from  the  O'K.  meter  in  that  the  motor 

does  work  in  the  generation  of  eddy  currents 

by  driving   a   magnetic   brake.       For    the 

general  arrangement  of  the  meter,  type  RA, 

front  view  of  the  instrument,  see  Fig.  22. 
The  magnetic  field,  which  acts  both  as 

a  driving  and  a   brake   field,    is   produced 

by  a  powerful  permanent  magnet,  having 

between   its   poles   a   stationary   soft    iron 

core.      The    armature    is   connected   to   a 

three-part  silver   commutator,   and  rotates 

in   the  air-gap  between  the  soft  iron  core   Q) 

and  the  pole-pieces.     It  is   former   wound   >Sj     '. 

with    fine     wire,    and    the    windings    are    x. — 

placed     on    a    light    aluminium    cylinder, 

which  acts  as  the  brake.     The  brushes  are 

composed  of  silver  wire,  and  are  connected  to  the  ends  of  a  shunt  consisting 

of  low-resistance  wire  or  metal  strip,  which  is  traversed  by  the  main  current 


Fig.  20. 
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taken  in  the  installation.  On  the  passage  of  a  current  through  the  shunt,  a 
potential  difference,  amounting  to  one  volt  at  full  load,  is  established  across 
the  brushes,  and  the  motor  runs  up  to  speed  until  the  brake  torque  due  to  the 
eddies  induced  in  the  armature  cylinder  balances  the  driving  torque,  when 
the  speed  is  proportional  to  the  current  to  be  measured. 

The  spindle  carrying  the  armature  and  commutator  runs  in  a  ball  step- 
bearing,  flexibly  supported,  and  drives  through  a  worm  near  its  lower  end  a 
cyclometer  counting-gear,  the  figures  of  which  spring  into  position  and  read 
direct  in  Board  of  Trade  units.  The  special  ball-bearing  and  cyclometer 
counter  used  by  this  company  in  their  motor  meters  are  described  in 
Chapter  XIII.     When  a  decimal  portion  is  included  on  the  counter,  the  figures 


Fig.  22. 


are  usually,  as  in  most  other  types,  coloured  red,  to  distinguish  them  from  the 
unit  portion. 

The  calibration  at  full  load  is  proceeded  with,  as  in  the  O'K.  meter,  by 
adjusting  the  position  of  the  movable  contact  on  the  resistance  wire  in  the 
front  of  the  meter. 

The  Eclipse  Ampere-hour  Meter,  type  CR,  manufactured  by  The  Luxsche 
Industriewerke,  Munich,  Germany  (G.  Braulik,  London),  also  comprises  a 
small  electro-motor  with  a  magnetic  brake.  The  meter,  with  the  cover 
removed,  is  shown  in  Fig.  23.  Two  permanent  magnets,  oppositely  polarised, 
are  used  in  this  case  to  produce  the  magnetic  field.  The  armature  (Fig.  24) 
consists  of  three  flat  elliptically-shaped  coils,  A,  B,  and  C,  which  are  carried 
on  a  light  aluminium  disc  D.     The  latter  constitutes  the   magnet.c   brake. 
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having  eddies  induced  in  it  by  its  rotation  in  the  magnetic  field.  The  coils 
are  connected  together  to  form  a  triangle,  each  corner  of  which  is  connected 
to  a  silver  segment  of  a  three-part  commutator  on  which  the  brushes  bear.  Two 
coils  are  always  in  series  with  one  another  and  in  parallel  with  the  third,  and 
the  effect  of  the  one  group  is  added  to  that  of  the  other,  as  the  two  permanent 

magnets  have  opposite  polarities.  The  two 
brushes  are  connected  in  parallel  with  a  low- 
resistance  wire,  which  is  traversed  by  the  cur- 
rent to  be  metered.  Each  brush  is  composed 
of  two  fine  silver  bands,  which  are  held  with 
their  edges  on  the  commutator  by  means  of  a 
light  steel  spring. 

The  speed  of  the  disc  is  regulated  at  full 
load  by  moving  the  adjustable  bridge-piece  on 
the  resistance  wire,  and  so  altering  the  current 
in  the  armature  coil,  which  is  a  fraction  of  tlie 
main  current. 

A  cyclometer  counter,  driven  by  the  worm 
on  the  meter  spindle,  integrates  direct  in  units  the  energy  consumed. 

The  whole  revolving  element  (Fig.  24)  is  very  light,  and  the  spindle  runs 
in  a  spring-borne  jewel,  no  locking  device  being  employed  for  transit.  By 
the  employment  of  a  three-part  commutator,  brush  friction  is  considerably 
minimised,  as  in  the  case  of  the  Electrical  Company's  meter. 


Fig.  23. 


Fig.  24. 


Hartmann  &  Braun  Ampere-hour  Meter. — Messrs  Hartmann  &,  Braun, 
of  Frankfort  (the  Union  Electric  Co.,  London),  manufacture  a  very  interest- 
ing and  novel  ampere-hour  meter,  in  which  only  one  brush  is  used  in  con- 
junction with  a  three-part  commutator. 

The  armature  consists  of  three  flat  coils  mounted  on  a  light  aluminium  disc 
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which  rotates  between  two  vertical  horseshoe  magnets,  with  their  opposite 
poles  facing  one  another. 

Each  coil  is  divided  into  two  parts,  arranged  on  the  aluminium  disc  at  the 
opposite  ends  of  a  diameter,  and  they  are  so  connected,  eitiier  in  series  or  in 
parallel,  that  the  fields  they  produce  are  opposed.  With  this  arrangement 
the  meter  will  start  whatever  the  position  of  the  armatnre,  and  is  nnaffected 
by  external  fields,  on  account  of  the  strong  permanent  field  it  possesses,  and 
because  the  lines  of  force  due  to  the  armature  coils  run  parallel  to  the  axis  of 
rotation. 

Fig.  25  is  a  diagrammatic  representation  of  the  armature  system.  A  A', 
B  B',  and  C  C  are  the  three  coils ;  they  are  connected  together  at  one  end, 
and  each  coil  is  in  series  at  its  other  end  with  a  commutator  segment  and 


Fig.  25. 


one  of  the  resistances  W^ ,  W2 ,  and  W^ .  The  three  resistances  are  connected 
together  on  the  armature  shaft. 

The  construction  of  the  meter  is  illustrated  in  Fig.  26. 

The  permanent  magnetic  field  is  produced  by  two  U-shaped  magnets,  which 
are  secured  to  the  cast  aluminium  base-plate  of  the  meter,  so  that  no  possible 
alteration  of  the  air-gap  between  their  poles  can  take  place. 

In  addition  to  the  flat  coil  system,  connnutator,  and  worm-wheel,  the 
s^Dindle  carries  the  three  small  resistance  coils  of  the  armature  circuit,  which 
is  branched  ofl^  a  low-resistance  shunt  mounted  at  the  back  of  the  base  plate. 
This  shunt  is  placed  in  series  with  one  of  the  supply  mains. 

A  light  spring  bears  on  the  rounded  top  of  the  armature  spindle  and  serves 
to  convey  the  current  to  the  armature,  from  which  it  is  conducted  by  the 
one  brush  on  the  conmuitator.  The  aluminium  disc  forms  with  the  permanent 
magnet  the  magnetic  brake  of  the  meter,  and  the  revolutions  of  the  disc  are 
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transferred    in  the  usual  manner  to  a  counting  mechanism   with   springing 
figures. 

The  instrument  is  mainly  intended  for  the  registration  of  small  currents. 
A  noteworthy  feature  is  the  improved  construction  of  the  commutator,  where- 
by all  disturbing  influences  arising  from  dust  and  sparking  can  be  avoided. 
The  different  segments  are  not  mounted  in  the  ordinary  way,  but  each  one  is 

arranged  below  the  other,  giv- 
ing a  large  air-space  and  secur- 
ing a  high  insulation. 

The  Mordey-Fricker  Am- 
pere-hour Meter,  manufactured 
by  the  British  Insulated  Wire 
Co.,  Ltd.,  Prescott,  is  based  on 
the  electro-magnetic  effect  of  a 
current,  but  differs  from  all 
other  types  of  this  class  in 
being  an  oscillating  meter  of  a 
special  kind.  It  is  a  simple 
clock,  the  rate  of  which  is  con- 
trolled by  the  current  in  the 
circuit,  and  which  stops  when 
no  current  is  passing.  The 
ordinary  hairspring  of  the  bal- 
ance-wheel of  the  clock  is  re- 
placed by  a  disc  of  slate,  on 
which  are  fixed  a  few  iron 
wires. 

The  disc  is  mounted  on  the 
balance-wheel  shaft,  and  is  sym- 
metrically supported  between 
two  coils,  which  are  traversed 
in  series  by  the  current  to  be 
measured. 

The  current  in  the  coils  pro- 
duces a  magnetic  field,  which 
acts  on  the  iron  wires  in  the 
same  manner  as  an  ordinary 
galvanised  needle,  magnetising 
them,  according  to  the  strength 
of  the  current,  to  a  greater  or 
less  extent,  and  causing  the 
disc  to  swing  more  or  less 
rapidly  into  a  central  or  axial 
Fig.  26.  position  between  the  two  coils. 

In  conjunction  with  the  action 
of  the  mainspring  of  the  clock,  the  disc,  and  with  it  the  balance-wheel,  will 
oscillate  at  a  rate  proportional  to  the  current  in  the  installation. 

The  coils  thus  act  as  a  variable  hairspring,  and  the  clock,  on  the  passage 
of  a  current,  goes,  and  at  a  rate  dependent  on  the  strength  of  the  current. 

The  revolutions  of  the  clock  are  transferred  to  a  cyclometer  or  to  a  dial 
counter,  which  is  geared  to  indicate  directly  the  consumption  in  Board  of 
Trade  units  for  constant  pressure  circuits.     The  meter,  which  is  illustrated 
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in  Fig.  27,  is  primarily  intended  for  the  registration  of  small  currents,  and 
readily  starts  with  one  8  c.p.  lamp  at  250  volts.  It  can  be  used  for  either 
direct  or  alternate  current  circuits,  and  is  independent  of  frequency  for  the 
periodicities  met  with  in  practice.  The  clock  is  provided  with  an  ordhiary 
eight-day  movement,  and  only  requires  to  be  vvoinid  up  once  every  quarter,  as 


Fig.  27. 


on  small  installations,  for  which  it  is  intended,  its  average  speed  is  very  slow, 
and,  moreover,  it  does  not  go  when  the  current  ceases.  The  balance-wheel 
shaft  moves  in  a  footstep  jewel,  and  is,  further,  sometimes  suspended  by  a 
torsionless  silk  fibre,  attached  to  it  by  a  bent  wire  spring.  The  object  of  the 
silk  suspension  is  to  relieve  the  jewel  of  the  weight  of  the  shaft  balance-wheel 
and  disc,  and  so  safeguard  it  from  damage. 


CHAPTER  IV. 

CONTINUOUS  CURRENT  ENERGY  MOTOR  METERS. 

General  Description — Thomson  Meter  of  the  British  Thomson- Houston  Co. — Thomson  Meter 
of  the  General  Electric  Co.,  U.S.A. — Duncan  Meter— Vulcan  Meter — Eclipse  Meters — 
Meter  of  Mix  &  Genest,  Berlin — Siemens-Schuckert  Meters — Elimination  of  Friction — 
Evershed  Frictionless  Motor  Meter — Hartmann  &  Braun  Motor  Meter. 

(General  Description. — Continuous  current  energy  mQtor--«aeters  depe.ud^n 
the  well-known  electro-dynamometer  principle,  in  which  the  electro-magnetic 
action  between  the  currents  in  a  stationary  coil  and  a  movable  one  produces 
motion  in  the  latter.  This  motion,  in  the  case  of  motor  meters,  is  converted 
into  one  of  continuous  rotation  by  the  aid  of  brushes  and  a  commutator 
electrically  connected  to  the  moving  coil  and  carried  on  the  same  spindle. 
J  All  motor  meters  consist  of  three  essential  parts,  which  are  the  motor,  the 
(brake  system,  and  the  integrating  mechanism.  The  motor,  in  all  the  meters 
inchided  in  this  chapter,  contains  no  iron  in  either  the  armature  or  its  field 
jBystem.  The  field  or  main  current  coils  are  stationary,  and  are  connected  in 
'series  in  one  of  the  supply  mains  for  a  two-wire  meter.  The  armature  is 
composed  of  fine  wire  coils  placed  as  a  shunt  circuit  across  the  supply  leads. 

The  field  coils  are,  therefore,  traversed  by  the  whole  current  taken  by  the 
particular  installation  in  which  the  meter  is  fixed,  whereas  the  armature  is 
energised  by  a  current  proportional  to  the  supply  pressure.  A  high  resistance 
is  also  used  in  the  pressure  circuit  in  series  with  the  armature,  to  keep  the 
pressure  current  low  and  to  reduce  the  voltage  across  the  brushes.  The 
current  in  the  main  or  series  coils  sets  up  a  magnetic  field  which  is  pro- 
portional to  the  number  of  amperes  in  the  main  circuit,  and  the  current  in 
the  armature  produces  another  field  of  force,  at  right  angles  to  that  of  the 
series  coils,  which  is  proportional  to  the  voltage. 

These  two  magnetic  fields  exert  at  every  instant  a  driving  torque  on  the 
armature,  which  is  proportional  to  the  product  of  both  fields,  that  is,  to  the 
product  of  the  P.D.  and  the  main  current  flowing,  or  to  the  actual  power 
supplied  in  watts. 

The  brake  system  is  to  absorb  the  work  done  by  the  motor,  and  must  be 
such  that  the  retarding  torque  which  it  exerts  is  at  every  instant  pro- 
portional to  the  speed  of  the  armature.  This  result  is  obtained  by  rotating 
a  non-magnetic  metal  disc,  mounted  on  the  armature  spindle,  between  the 
poles  of  one  or  more  permanent  magnets. 

The  portion  of  the  disc  embraced  by  the  poles  cuts  the  lines  of  force  of 
the  brake  field  at  right  angles,  and  at  a  rate  depending  on  the  number  of 
revolutions  of  the  armature  spindle,  and  the  Foucault  currents  generated  in 
the  disc  will  vary  in  intensity  as  the  speed. 

The  resisting  torque  is  at  any  moment  proportional  to  the  product  of  the 
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brake  field  of  the  permanent  magnets  and  the  strength  of  the  induced 
currents,  and,  therefore,  to  the  speed.  When  steady  motion  has  been 
established,  the  driving  and  retarding  torques  will  balance  one  another, 
neglecting  all  frictional  resistances,  and  the  speed  will  vary  directly  as  the 
power  supplied.  The  number  of  revolutions  made  in  a  given  time  will  then 
be  proportional  to  the  energy  consumed  in  this  period.  It  must  be 
remembered,  however,  that  the  assumption  is  made  that  the  various 
frictional  resistances  which  occur  in  a  meter  are  negligible. 

These  frictional  resistances  are — (1)  friction  of  axle  bearings,  (2)  friction  of 
brushes  on  the  commutator,  (3)  air  friction,  and  (4)  friction  of  the  counting 
train  and  gear  connecting  it  to  the  motor  spindle. 

Generally,  friction  is  considerably  reduced,  and  in  a  well-designed  meter 
does  not  influence  its  indications  at  high  loads,  being  mainly  noticeable  at  low 
loads.  The  matter  is  complicated  still  further,  as  friction  is  not  constant  at 
these  low  loads,  but  is  a  variable  quantity.  It  may  be  mentioned  here  that 
air  friction  is  so  slight  that  it  is  entirely  neglected. 

To  compensate  for  the  frictional  resistances,  and  to  enable  the  meter  to 
readily  start  with  a  small  current  when  the  magnetic  effect  of  the  main  current 
coils  is  weak,  a  compound  or  auxiliary  winding  is  used.  This  compensating 
coil  consists  of  a  few  turns  of  wire  in  series  with  the  armature  circuit,  and  is 
placed  relatively  to  the  main  current  coils,  so  that  the  lines  of  force  it  produces 
augment  the  main  field.  At  these  very  low  loads  the  magnetic  field  of  the 
main  current  coils  is  so  weak  that  the  torque  exerted  is,  unaided,  insufficient 
to  overcome  the  forces  of  friction.  The  additional  torque  is  supplied  in  the 
manner  just  explained.  It  will  be  seen  that  this  supplemental  field  is  always 
present,  as  the  pressure  circuit  is  always  energised.  Moreover,  the  compound 
winding  becomes  relatively  of  less  importance  as  the  load  on  the  meter 
increases.  The  compensating  coil  is  usually  made  adjustable,  so  that  its 
distance  to  or  from  the  armature  may  be  varied  to  suit  the  immediate  con- 
ditions of  the  installation.  It  is  generally  so  adjusted  that  the  meter  starts  with 
a  current  between  1%  and  2%  of  the  maximum  capacity  of  the  installation. 

The  registering  or  integrating  mechanism  is  an  ordinary  train  of  wheels 
and  pinions  gearing  with  one  another,  and  the  first  motion  wheel  of  the  train 
is  driven  by  a  worm  or  pinion  on  the  armature  spindle.  The  staffs  of  the 
various  wheels  carry  either  hands  which  travel  over  graduated  circles  on  the 
front  of  the  dial,  or  number  discs  or  wheels,  the  figures  on  which  appear  in 
line  opposite  slots  in  the  dial  face.  The  integrating  mechanism  is  invariably 
arranged  so  that  its  indications  give  the  energy  consumption  direct  in  either 
Board  of  Trade  or  other  convenient  units  without  the  use  of  a  multiplier  or 
constant. 

A  motor  meter  may  be  regarded  as  a  motor-generator,  the  generator 
consisting  of  a  magneto-dynamo  with  a  short-circuited  armature.  The  work 
the  motor  does  is  expended  in  driving  the  dynamo,  in  which  the  energy  is 
ultimately  absorbed  in  the  shape  of  heat,  in  driving  the  counting  train  and 
gear,  and  in  overcoming  the  remaining  frictional  resistances  to  motion. 
Meters  of  this  class  are  very  extensively  used,  and  differ  mainly  in  details  of 
mechanical  and  electrical  design,  the  relative  arrangement  of  the  various 
component  parts,  and  the  methods  adopted  to  overcome  the  sources  of  error. 
In  the  descriptions  which  follow,  the  electrical  features  of  motor  meters  will 
be  mainly  pointed  out,  and  only  those  meters  are  included  in  this  chapter 
which  do  not  contain  iron  in  the  armature  and  field.  In  Chapter  XIII.  will 
be  found  a  few  of  the  more  important  mechanical  details. 
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Thomson  Watt-hOur  Meter. — The  latest  type  of  the  Thomson  watt-houi^ 
meter,  manufactured  by  the  British  Thomson-Houston  Company,  Limited, 
Rugby,  is  ilhistrated  in  Fig.  28.  It  represents  their  standard  house-service 
meter,  form  A,  for  two-  and  three-wire  circuits.  Two  main  current  coils  of 
rectangular  shape  are  used,  and  are  arranged  parallel  to  one  another,  and 
with  their  planes  at  right  angles  to  the  base  of  the  meter.  They  are  securely 
held  in  position  by  means  of  clamps  which  fit  in  grooves  in  the  meter  base, 
and  which  are  fixed  by  means  of  screws.  By  loosening  these  screws  and  dis- 
connecting the  two  coils  they  can  be  readily  removed  to  give  access  to  the 
armature.  The  compound  winding,  which  consists  of  a  few  turns  of  fine  wire 
connected  in  series  with  the  armature  circ\iit,  is  divided  into  two  sections,  one 
being  placed  in  each  series  coil.  The  compensating  coils  are  adjustably 
mounted,  and  can  be  moved  relatively  to  the  main  current  coils,  to  alter  the 
effect  for  the  light-load    adjustment.     When  the  meter  is  calibrated  at  the 

works,  the  position  of  each  compounding  coil 
is  adjusted  until  the  supplemental  torque  is 
just  sufficient  to  overcome  the  friction  of  the 
bearings,  when  the  meter  will  register  correctly 
on  light  loads. 

If,  however,  a  meter  should  afterwards  be 
found  to  run  slow  on  light  loads  owing  to  the 
l)earings  wearing  rough,  it  is  only  necessary 
to  readjust  the  position  of  each  coil  by  moving 
it  nearer  to  the  armature,  so  as  to  increase  the 
auxiliary  torque  to  a  point  where  the  increased 
friction  is  balanced. 

Symmetrically  supported  between  the  series 
coils  is  the  armature,  which  is  drum-wound  and 
is  composed  of  about  3000  turns  of  insulated 
fine  copper  wire.  It  is  carried  on  a  light  steel 
spindle,  which  rests  on  a  lower  sapphire  jewel- 
bearing,  flexibly  supported  on  a  spring  cushion 
in  the  jewel  screw.  The  upper  pivot  of  the 
meter  spindle  runs  in  a  guide-bearing,  which 
serves  solely  to  keep  it  central. 

The  armature  is  wound  in  sections  con- 
nected to  an  eight-part  commutator,  which 
is  built  up  of  silver  segments  and  is  mounted  on  the  lower  extremity 
of  the  spindle.  Three  phosphor-bronze  wires  are  used  for  the  brushes,  and 
their  ends  are  fitted  with  tiny  silver  sleeves,  with  whioh  they  bear  on  the 
commutator.  They  are  kept  in  position  by  their  own  tension  and  are  easily 
detachable.  The  commutator,  brushes,  and  the  jewel  step-bearing  can  be 
quickly  examined  without  having  to  disturb  the  main  cover  of  the  meter. 
They  are  protected  by  a  separate  dome-shaped  cap,  attached  by  a  bjiyonet 
catch  to  the  main  cover,  as  shown  in  Fig.  29.  This  is  an  important  con- 
sideration, as  the  commutator,  brushes,  and  jewel  form  the  vital  parts  of  a 
meter,  and  constitute  the  chief  sources  of  trouble  inherent  to  meters  of  this 
class.  They  should  therefore  be  quickly  and  easily  accessible  during  the 
operation  of  the  meter. 

The  brake  system  is  arranged  at  the  top  of  the  instrument,  and  consists  of 
two  permanent  magnets  of  tungsten  steel,  very  carefully  aged,  and  a  brake 
disc  of  copper,  which  rotates  between  their  poles. 


Fig.  28. 
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The  disc  is  mounted  on  the  meter  spindle  which 
metal  worm  the  integrating  train.  The 
dial  registers  the  energy  consumed  direct 
in  B.O.T.  units,  and  is  carried  on  the  same 
bracket  which  supports  the  high-resistance 
coil  in  series  with  the  armature  circuit. 

The  terminals  are  at  the  bottom  of  the 
instrument,  and  are  protected  by  a  separate 
ebonite  cap,  which  also  covers  the  fixing 
screws  of  the  meter.  The  magnets  are  so 
mounted  that  their  position  relatively  to 
the  brake  disc  can  be  altered  for  the  pur- 
pose of  decreasing  or  increasing  the  speed 
of  the  meter  at  full  load.  With  the  general 
arrangement  adopted,  immunity  is  secured 
from  any  demagnetising  action  of  the  main 
coils,  or  other  current-carrying  parts,  on 
the  brake  magnets.  This  might  happen 
were  these  parts  in  close  proximity  to  the 
brake  system,  and  with  excessive  overloads 
or  a  short-circuit  current  the  effect  w^ould 
become  very  pronounced. 

In  Fig.  30  is  given  a  diagram  of  connec- 
tions for  a  two-  or  three- wire  meter  up  to  75 
amperes,  the  dotted  line  showing  the  neutral 
or  middle  wire  in  a  three-wire  system. 
--  The    Thomson    Meter.— The    Thomson 


Irives  through  a  gun- 


meters,    manufactured    l)y    the 


AAAAAAAA^ 
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Fig.  30. 


Compagnie  pour  la  Fabrication  des   Compteurs,  Paris,  and  by  the  Danubia 
Actiengesellschaft,  Vienna,  are  almost  identically  the  same  as  the  one  first 
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described.     Slight  modifications  occur  in  connection  with  the  brushes.     These 
are  composed  of  tiny  silver  lamellae,  bent  round  to  form  half-cjlinders,  and 


FKOM 
GENERATOR 


TO   LOAD 


Fig.  31. 


bear  with  their  two  edges  on    the    commutator.     The    contact   pressure    is 

maintained  by  means  of  springs. 

One  of  the  main  features  of  the  Thomson  meter  of   the  General  Electric 

Co.,  Schenectady,  New 
York,  U.S.A.,  consists  in 
the  use  of  a  special  adjust- 
able compensating  coil. 

It  is  quite  an  easy 
matter  to  accurately  com- 
pensate for  any  definite 
friction  load.  Friction, 
however,  is  a  variable 
quantity,  increasing  some- 
what with  time  and  use  ; 
and  unless  the  compensa- 
tion be  variable  at  will, 
inaccuracies  occur. 
The  adjustable  shunt  field  coil  used  by  this  company  is  very  clearly  shown 

in  the  illustration  in  Fig.  31  of  their  standard  two- wire  small  capacity  meter 

for  currents  from  3  to  50  amperes.     It  is  shown  more  in  detail  in  Fig.  32. 


Fig.  32. 
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All  their  meters,  up  to  and  including  10,000  amperes,  are  now  provided 
with  this  method  of  adjusting  for  light  loads.  In  the  two- wire  meters,  as 
illustrated,  the  coil  is  usually  inserted  within  the  left-hand  main  current  coil, 
whereas  in  the  three-wire  sizes  it  is  in  the  right-hand  one. 

The  larger  types,  above  1200  amperes,  have  two  of  these  coils,  either  or 
both  of  which  should  be  used  for  making  the  compensation. 

The  adjustment  can  be  very  easily  carried  out  without  disturbing  the  meter 
when  installed. 

The  winged  nut  which  clamps  the  support  of  the  compensating  coil  to  the 
main  current  coils  is  first  loosened,  and  the  shunt  coil  is  moved  either  towards 
or  away  from  the  armature  until  the  required  degree  of  compensation  has 
been  effected.     Moving  the  coil  towards  the  armature  will  increase  the  speed 


Fig.  33. 


Fig.  34. 


on  light  loads,  and  movement  in  the  contrary  direction  will  produce  a 
diminution  in  speed. 

The  coil  can  also  be  centred,  relatively  to  the  armature,  by  moving  it  up  or 
down,  after  releasing  the  knurled  nut  on  the  right  of  the  coil  frame  by  which 
it  is  fastened  to  its  support. 

The  parts  and  general  arrangement  of  the  meter  will  be  readily  followed 
from  the  illustration,  Fig.  31.  The  brake  system  in  this  case  is  carried  on 
the  bottom  shelf  of  the  meter,  and  the  motor  and  integrating  train  are 
arranged  well  above  the  brake  magnets. 

The  Duncan  Watt-hour  Meter,  made  by  the  Duncan  Electric  Manufactur- 
ing Company,  La  Fayette,  Indiana,  U.S.A.,  possesses  many  novel  and  interesting 
features.  The  general  design  of  the  meter  will  be  gathered  from  the  two 
illustrations  shown,  of  which  Fig.  33  is  a  front  view  and  Fig.  34  is  a  side 
view  of   the  meter.     The  two  main  current  coils  are  supported    wich    their 
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planes  parallel  to  one  another,  and  to  the  cast  aluminium  base  at  some  distance 
from  it.  Both  coils  can  be  quickly  and  easily  removed  to  allow  for  the 
inspection  of  the  armature,  commutator,  and  brushes.  The  brushes  are  made 
from  hard-drawn  phosphor-bronze  having  a  thickness  of  '008  of  an  inch. 
They  are  faced  with  silver  on  those  portions  which  press  against  the  commu- 
tator, which  is  composed  of  eight  silver  segments,  gold-tipped.  The  brushes 
possess  ample  spring  to  ensure  a  good  and  reliable  contact,  and  are  mounted 
upon  a  moulded  lava  support,  which  does  not,  under  the  normal  changes  of 
temperature,  cause  the  brushes  to  twist  or  get  out  of  alignment,  so  that  a 
constant  pressure  is  maintained  throughout  all  practical  conditions  of  working. 
Another  feature  of  the  brush  mounting  is,  that  by  removing  only  two  screws 
the  brushes  with  their  lava  support  can  be  detached  from  the  meter  for 
inspection  and  cleaning  without  changing  their  original  tension. 

The  main  feature  of  the  armature  is  the  large  number  of  turns  of  fine 
copper  wire  used,  having  a  diameter  of  '00314  inch.  It  is  wound  with  8000 
turns,  and  in  consequence,  besides  being  efficient,  produces  a  high  torque,  a 
very  essential  requisite  to  ensure  accuracy  and  permanence  of  calibration. 

A  novel  method  is  used  for  adjusting  the  friction  compensation  of  the 
bearings  and  registering  gear  on  low  loads,  and  is  accomplished  by  varying 
the  turns  comprising  the  compensating  coil.  The  compounding  coil,  which  is 
detachably  secured  within  the  front  series  coil,  is  wound  with  1000  turns, 
which  are  subdivided  into  ten  parts  by  bringing  out  as  many  terminals, 
soldered  at  regular  intervals  to  the  coil  as  a  whole,  and  these  terminals  are 
connected  to  the  contacts  provided  on  a  small  multiple  point  switch  situated 
on  the  front  face  of  the  back  support.  The  compensating  switch  and  coil  are 
clearly  shown  m  Fig.  33.  When  the  meter  leaves  the  testing  department 
at  the  factory,  the  little  switch  arm  is  at  about  the  centre  of  the  contacts.  If 
the  meter  be  found  to  creep  after  being  installed,  due  to  vibration  or  increase 
of  pressure  above  that  at  which  it  has  been  calibrated,  the  lever  is  moved  to 
the  right.  This  action  cuts  out  turns  from  the  compensating  coil,  and  thereby 
reduces  the  intensity  of  the  field  produced  by  it.  This,  in  turn,  decreases  the 
supplemental  torque  due  to  the  coil,  and  creeping  stops.  If  the  meter,  how- 
ever, be  found  to  run  slow  on  light  loads,  such  as  one  lamp,  this  shows  that 
the  friction  of  the  bearings  has  increased.  More  turns  of  the  compensating 
coil  will  therefore  be  required,  and  are  thrown  into  circuit  by  moving  the 
switch  lever  to  the  left.  The  increased  number  of  turns  of  the  coil  augments 
the  compensating  field  and  increases  the  rotative  power  of  the  armature. 

In  this  way  the  meter  can  be  accurately  and  readily  adjusted  in  position. 
The  compensating  coil  has  a  small  resistance,  so  that  altering  the  number  of 
the  turns  will  not  sensibly  increase  or  decrease  the  total  resistance  of  the 
armature  circuit  to  which  it  is  connected  in  series.  The  maximum  alteration 
produced  is  found  in  practice  not  to  exceed  one-half  of  1  per  cent. 

If  required,  the  meter  can  be  supplied  with  the  compensating  coil,  com- 
prising an  independent  pressure  circuit  of  its  own,  quite  distinct  from  the 
armature  circuit.     In  this  case  it  is  made  with  wire  having  a  high  resistance. 

The  brake  system  is  placed  on  the  bottom  shelf  of  the  meter  case  at  some 
considerable  distance  from  the  series  field  coils  and  all  current-carrying  parts ; 
and  the  magnets,  from  their  position,  are  quite  unaffected  by  any  current 
flowing. 

These  magnets  are  of  tungsten  steel,  and  are  artificially  aged  in  a  very 
careful  manner.  The  makers  guarantee  that  their  strength  will  not  be 
impaired  more  than  IJ  per  cent,  after  the  field  coils  of  the  meter  have  been 
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Fig.  35. 


subjected  to  a  short-circuit  current  through  a  fuse  of  capacity  ten  times 
that  of  the  meter  itself.  Ample  range  for  adjustment  is  made  for  these 
magnets  on  the  bottom  shelf,  so  that  the  correct  speed  can  be  obtained  in 
testing. 

The  whole  revolving  element  is  made  as  light  as  possible  by  the  use  of  a 
brake  disc  of  alumini- 
um and  a  hollow  steel 
spindle.  The  disc  is 
held  on  the  spindle  by 
means  of  a  split  hub, 
and  the  w^orm  on  the 
spindle  drives  the  in- 
tegrating train,  which 
reads  direct  in  kilowatt- 
hours. 

The  terminals  are 
secured  to  the  sides  of 
the  pocket  at  the  top 
of  the  meter  base,  and 
are  insulated  from  the 
casting  with  pressed 
fibre. 

[To  suit  the  different 
cases  that  arise  in  practice,  the  two-wire  meters  are  supplied  with  either  three 
or  four  terminals,  and  the  three-wire  meters  with  either  four  or  five  binding- 
posts.     Fig.  35  is  a  diagram  of  connections  of  a  two- wire  meter  fitted  with 
three  terminals,  the  pressure  circuit  being  connected  between  the  left-hand 

main  terminal  and  the 
central  shunt  binding- 
post.  In  the  two-wire 
meter  with  four  ter- 
minals the  armature 
connections  are  made 
within  the  meter  and 
to  the  two  left-hand 
terminals,  to  which  the 
two  supply  mains  are 
brought,  the  circuit 
mains  of  the  installa- 
tion being  connected 
to  the  remaining  two 
terminals.  A  diagram 
of  connections  for  the 
three-wire  meter  with 
five  terminals  is  also 
given  in  Fig.  36.  In 
this  type  the  armature 
circuit  is  connected  between  one  of  the  outer  supply  mains  and  the  neutral 
conductor,  so  that  it  is  subjected  to  the  pressure  on  one  side  only  of  the  three- 
wire  system.  In  their  three-wire  meter  with  the  four  binding-posts  the 
armature  circuit  is  also  made  within  the  meter,  and  is  between  the  two  outer 
conductors,  so  that  the  total  pressure  of  the  three-wire  system  is  used  in  this 


Fig.  36. 
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case.  The  arrangement  of  the  four  terminals  is  exactly  the  same  as  in  the 
two-wire  four  binding-post  type,  no  neutral  connection  being  required. 

By  means  of  a  'visual'  bearing,  described  and  illustrated  in  Chapter 
XIII.,  the  detachable  spindle  pivot  and  the  jewel  can  be  very  readily  and 
easily  inspected  without  stopping  the  meter.  The  detachable  pivot  is  retained 
in  the  lower  end  of  the  spindle  by  magnetism,  the  spindle  being  magnetised 
for  this  purpose. 

Some  further  important  improvements  have  been  carried  out  by  this 
company.     One  of  these  relates  to  an  entirely  new  method  of  connecting  the 


Fig.  37. 

armature  with  the  commutator  segments  without  having  to  resort  to  the 
soldering  iron.  In  this  manner  new  armatures  may  be  placed  in  the  meter 
with  very  great  ease,  avoiding  the  necessity  of  having  to  take  the  meter  out 
of  service.  A  new  commutator  can  in  a  similar  way  be  substituted  on  the 
spindle  without  unsoldering  or  resoldering  any  coimections  between  it  and 
the  armature.  A  special  switching  mechanism  permanently  coimected  to  the 
armature  places  it  in  electrical  communication  with  the  commutator.     The 


Fig.  38. 


two  are  mounted  together,  and  can  be  moved  as  a  whole  axially  along  the 
shaft,  so  that  connection  between  the  commutator  segments  and  the  armature 
is  readily  broken  or  made.  IMiis  improved  method  of  connection  is  illustrated 
in  Figs.  37  and  38.  Fig.  37  is  a  view  of  the  armature  and  shaft  with  the 
brake  disc  removed,  showing  the  commutator  and  armature  connected  for 
ordinary  working  conditions.  In  Fig.  38  the  connection  between  the 
armature  and  commutator  is  shown  broken,  the  armature  hub  having  been 
lowered  on  the  shaft  for  this  purpose.  The  pivot  has  also  been  slightly  with- 
drawn from  the  end  of  the  shaft  in  this  view.  The  ends  of  the  armature  coils 
are  soldered  to  spring  contact  fingers,  arranged  in  the  form  of  a  cone,  and 
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mounted  on  an  insulated  conical  support  on  the  extension  of  the  armature 
hub.  The  commutator  segments  are  correspondingly  extended,  so  that  when 
electrical  connection  is  established  they  press  upon  the  armature  terminals, 
which  are  flexible,  and  so  give  a  good  and  reliable  contact.  The  armature  hub 
is  securely  locked  on  the  shaft  by  means  of  two  set  screws,  at  right  angles  to 
one  another.  The  shaft  is  made  in  sections,  and  the  upper  part  carrying  the 
commutator  screws  into  the  body  of  the  shaft,  from  which  it  is  removed  by 
unscrewing  it.  When  it  is  desired  to  renew  a  commutator,  armature,  or  both, 
it  is  first  necessary  to  loosen  the  armature  on  the  spindle  and  lower  it  until 
contact  is  broken,  as  in  Fig.  38.  This  is  done  in  a  few  seconds  by  inserting 
a  screwdriver  between  the  armature  coils  and  slightly  releasing  the  two  set 
screws.  The  commutator  portion  of  the 
shaft  can  now  be  unscrewed  and  the  arma- 
ture removed  if  necessary. 

On  replacing  these  parts,  the  armature 
is  first  slipped  on  the  shaft  and  lowered, 
the  commutator  is  screwed  into  position, 
and  the  armature  is  raised  until  proper 
contact  is  again  made,  when  the  armature 
hub  is  once  more  locked. 

The  worm  portion  of  the  shaft  is  also 
made  detachable,  and  is  removed  by  simply 
unscrewing  it  at  the  knurled  portion  pro- 
vided for  this  purpose.  Further  details  of 
the  shaft  will  be  found  in  Chapter  XIII. 

The  Vulcan  Meter,  made  by  the  Com- 
pagnie  Anonyme  Continentale  pour  la 
Fabrication  des  Compteurs,  Paris  (Geipel 
ct  Lange,  London),  is  very  similar  to  the 
ordinary  Thomson  meter. 

It  differs  from  it  in  a  few  essential 
details.  The  armature  consists  of  four  coils, 
wound  on  ebonite  formers,  and  the  com- 
mutator is  made  of  pure  platinum  seg- 
ments, mounted  on  ebonite,  with  air  insula- 
tion between  them,  and  each  brush  is  com- 
posed of  four  silver  wires.  The  commutator 
and  brushes  are  arranged  at  the  top  of  the 
meter,  and  are  protected  by  an  independent 
commutator  dome,   easily  detachable  from 

the  main  cover  of  the  meter  (Fig.   .39).     They  can,  therefore,  be  very  readih' 
inspected,  and  cleaned  if  necessary. 

A  departure  is  made  from  the  usual  manner  in  connection  with  the 
Foucault  brake  system.  Ordinarily  a  horizontal  disc  is  employed,  which  rotates 
between  one  or  more  magnets,  with  the  magnetic  axis  vertical. 

In  this  meter  a  copper  cylinder  is  used,  which  revolves  between  the  poles 
of  a  series  of  vertically  supported  magnets,  with  their  magnetic  axes  at  right 
angles  to  the  surface  of  the  cylinder.  In  the  illustration  of  this  meter  in 
Fig.  40  the  arrangement  is  shown  with  ten  magnets  :  in  the  latest  type, 
however,  four  magnets  only  are  being  used.  The  adjustment  of  the  brake  is 
carried  out  in  a  manner  different  from  that  usually  employed.  Generally, 
the  magnets  are  so  mounted  as  to  admit  of  sufficient  displacemerib  relatively 
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to  the  disc  for  alterations  to  be  made  in  the  speed  of  the  meter.  In  this  case 
the  magnets,  after  being  once  fixed,  cannot  be  altered.  The  brake  cylinder  is 
moved  axially,  so  that  it  penetrates  more  or  less  into  the  polar  gaps  according 
as  the  speed  is  to  be  diminished  or  increased.  The  hub  of  the  cylinder  is 
screwed  for  this  purpose,  and  the  portion  of  the  shaft  which  carries  it  has  a 
screw  thread  on  it,  so  that  the  cylinder  can  be  quickly  and  easily  rotated  up  or 
down  along  the  shaft,  affording  a  rapid  method  of  obtaining  a  fine  adjustment. 
The  hub  is  locked  with  a  small  set  screw,  when  the  adjustment  is  complete. 

Idle  running  is  prevented  by  a  small  piece  of  soft  iron  on  the  brake 
cylinder.  When  the  armature  revolves  under  the  action  of  a  current  in  the 
main  coils,  the  presence  of  the  iron  produces  no  effect.     When  current  ceases, 

however,  the  armature  rotates  until  the  iron 
on  the  cylinder  is  between  two  magnets,  in  a 
position  such  that  the  resultant  action  of  the 
magnets  upon  it  counterbalances  the  driving- 
torque  due  to  the  compound  winding,  and 
further  rotation  is  arrested. 

The  compounding  coil  consists  usually  of 
one  turn,  and  is  situated  in  one  of  the  main 
field  coils. 

The  voltage  across  the  armature  brushes 
is  comparatively  high,  amounting  to  twelve 
volts,  but  no  sparking  is  experienced.  The 
whole  meter  is  insulated  from  the  base  by  an 
ebonite  bed,  and  the  resistance  in  series  with 
the  shunt  is  wound  on  four  bobbins  and  sub- 
divided into  eight  coils. 

The  Eclipse  Meter. — The  Luxsche  In- 
dustriewerke,  Munich,  Germany  (G.  Braulik, 
London),  in  their  meter  known  in  this  country 
as  the  'Eclipse'  meter,  use  an  open-coil 
armature  consisting  of  three  coils,  with  an 
angle  of  120  degrees  between  them,  as  in  the 
well-known  Thomson-Houston  arc  light  dyna- 
mo, in  contrast  to  the  closed-coil  drum-wound 
armatures  in  most  meters.  With  this  con- 
struction the  full  shunt  current  flows  through 
the  coils,  whereas  in  closed-coil  armatures 
having  parallel  windings  only  half  the  shinit 
current  flows  through  them. 
Hence,  all  other  conditions  remaining  the  same,  the  turning  moment  will 
be  much  greater. 

In  addition,  a  three-part  commutator  only  is  necessary,  and  can,  in 
consequence,  be  made  of  mucli  smaller  dimensions.  Brush  friction  is 
considerably  reduced  hereby,  a  matter  of  importance  at  low  loads,  as  the 
accuracy  in  this  region  is  largely  influenced  by  this  source  of  frictional 
disturbance.  Sparking  at  the  brushes,  when  an  armature  coil  is  cut  out 
during  a  revolution,  is  avoided  by  attaching  a  small  short-circuited  winding  to 
each  of  the  three  armature  coils.  When  a  coil  is  cut  out  during  the  rotation 
of  the  armature,  the  field  due  to  the  coil  disappears,  and  in  disappearing 
induces  an  E.M.F.  in  the  coil.  This  gives  rise  to  a  sudden  extra  rush  of  current, 
which  is  dissipated  in  the  sliort-circuited  winding  and  no  sparking  occurs. 
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An  illustration  of  the  meter  is  given  in  Fig.  41,  and  represents  the 
standard  '  Eclipse '  type  for  both  two-  and  three-wire  circuits.  For  two-wire 
circuits  up  to  twenty  amperes  the  meter  is  slightly  modified  (Fig.  42) ;  one 
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main  current  coil  only  is  used,  and  the  adjustable  compensating  winding  is 
then  separately  mounted  on  one  side  of  the  armature,  instead  of  being  placed 
within  a  series  coil  as  in  the  larger  type. 

The  thin   iron  partition  above  the   brake    magnets   serves    not   only    to 
shield   them  from  the  influence  of   the 
main  coils,  but  also  to  support  the  brush 
gear. 

Fine  silver-wire  brushes  are  used, 
and  are  carried  on  small  rods  passing 
through  slots  in  two  terminal  posts, 
which  are  mounted  on  and  insulated 
from  the  shield.  The  rods  are  held  in 
position  by  screws,  and  the  brushes  can 
be  very  easily  adjusted  and  removed  for 
inspection. 

Mix  &  Genest  Direct  Current 
Energy  Meter. — In  the  watt-hour  motor 
meter,  type  A.G.,  Fig.  43,  manufactured 
by  Mix  &  Genest,  Berlin  (the  Inter- 
national Electric  Company,  London),  an 
oval-shaped  armature  is  used,  having 
two  windings  only.  The  two  coils  are 
wound  in  planes  at  right  angles  to 
one  another,  and  their  four  ends  are 
brought     to    a    four-part    commutator. 

The  two  windings  are  connected  direct  to  the  commutator  segments,  but  are 
joined  to  each  other  through  an  auxiliary  resistance  moinited  with  the 
armature  on  the  spindle.  The  usual  high  resistance  in  the  pressure  circuit  of 
the   meter   is  also  used.     Another   feature   of   the   connection    between    the 
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armature  and  the  commutator  is  that  the  segments  of  the  latter  are  extended 
through  the  hollow  shaft  and  soldered  to  the  ends  of  the  coils,  well  within  the 
armature.  The  object  is  to  dispense  with  the  small  connecting  wires,  which 
would  otherwise  be  necessary,  and  which  are  often  a  source  of  considerable 
trouble.  The  commutator  is  exceptionally  small,  being  at  its  working  part 
about  a  couple  of  millimetres  in  diameter.  Brush  friction  is  hereby  much 
reduced.  The  segments  are  made  of  special  silver  alloy,  and  are  held  in,  but 
carefully  insulated  from,  small  brass  collars,  which  are  mounted  on  the 
armature  shaft.  Between  these  collars  is  the  part  of  the  commutator  on 
which  the  brushes  bear.  They  are  three  in  number,  and  are  composed  of 
silver  ribbon,  slightly  rounded  at  their  bearing  ends.  Two  of  the  brushes 
press  on  the  same  side  of  the  commutator,  the  one  slightly  in  advance  of  the 
other.  They  are  insulated  from  one  another  at  the  brush  terminal,  but  are 
connected  together  through  a  small  resistance,  their  junction  being  connected 
to  a  shunt  terminal  in  series  with  the  external  high  resistance  and  a  small 
non-creeping  device.  The  third  brush  bears  on  the  opposite  side  of  the 
commutator,  and  is  connected  direct  to  the  other  shunt  terminal  of  the  meter. 
By  means  of  this  arrangement  of  the  pressure  circuit,  sparking  at  the  brushes 
is  completely  avoided. 

The  armature  is  arranged  symmetrically  between  two  main  current  coils, 
which  are  held  in  massive  gun-metal  supports.  Either  coil  can  be  easily 
removed  to  permit  inspection  of  the  armature  and  commutator. 

The  brake  torque  is  provided  by  two  permanent  magnets,  adjustably 
mounted,  and  a  light  aluminium  disc,  which  rotates  between  their  poles.  The 
magnets  are  protected  by  a  thin  iron  shield  from  any  disturbing  effect  of 
currents  in  the  main  coils. 

To  prevent  shunt- running,  and  supplement  the  driving  torque  on  the 
armature  at  light  loads,  a  tiny  electro-magnet  is  used,  the  coil  of  which  is 
energised  by  the  pressure  current.  The  keeper  of  the  electro-magnet, 
consisting  of  a  couple  of  thin  rectangular  iron  plates,  is  mounted  on  the 
armature  shaft,  and  rotates  between  the  poles  of  the  electro-magnet.  The 
effect  produced  on  the  meter  shaft  by  this  device  is  regulated  by  means  of  a 
small  screw,  the  poles  of  the  electro-magnet  being  separated  or  drawn  nearer 
together  by  its  aid.  In  the  view  given  of  the  meter  the  resistance  of  the 
pressure  circuit  has  been  removed,  and  the  non-creeping  device  will  be  seen  in 
front  of  the  two  main  coils.  Although  the  meter  starts  with  one-half  of  1 
per  cent,  of  full  load,  creeping  does  not  occur  with  a  50  per  cent,  increase  of 
the  voltage  above  the  normal.  The  meters  are  provided  with  two  shunt 
terminals,  so  that  the  shunt  circuit  can  be  isolated  for  testing  purposes,  and  a 
very  complete  subdivision  of  this  circuit  of  the  meter  is  employed. 

Siemens- Schuckert  Continuous  Current  Motor  Meter. — The  Siemens- 
Schuckert  Werke,  Berlin  (Siemens  Bros.  <k  Co.,  Ltd.,  London),  manufacture 
four  types  of  continuous  current  motor  meters  on  the  electro-dynamometer 
principle,  without  iron  in  either  the  armature  or  the  field.  They  differ 
principally  in  the  number  and  position  of  the  main  current  coils.  Two  of 
these,  their  GB  and  GK  types,  are  included  in  this  chapter,  and  illustrated 
in  Figs.  44  and  45  respectively. 

The  GK  meter  is  used  only  for  the  registration  of  small  currents.  The 
general  arrangement  of  each  form  is  clearly  shown  in  the  illustrations.  In 
the  small  meter  one  main  current  coil  is  employed,  whereas  there  are  two  in 
the  larger  type.  The  armature  is  ball-shaped  and  drum-wound,  and  is  con- 
nected to  a  silver  commutator,  on  which  bear  easily  detachable  silver- wire 
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brushes.  An  adjustable  compensating  coil  is  fitted  to  the  meter,  and  is 
situated  within  a  main  current  coil  in  all  the  forms  except  the  GK  type,  in 
which  it  is  arranged  inclined  to  the  armature  and  above  it.  A  copper  brake 
disc  rotating  between  the  poles  of  either  one  or  more  brake  magnets  forms  the 
brake  system,  which  is  shielded  against  any  demagnetising  action  of  short- 
circuit  currents  by  means  of  a  sheet  of  iron. 

The  revolutions  of  the  armature  are  conveyed  in  the  usual  manner  to  the 
clock  train  of  an  integrating  mechanism. 

To  prevent  idle  running  on  the  shunt  alone,  without  any  current  in  the 
series  coils,  under  the  influence  of  vibration,  or  shock,  or  increase  of  pressure, 
a  small  iron  wire,  designated  a  brake  pin,  is  attached  to  the  meter  spindle 
above  the  brake  disc.     It  is  attracted   by  the  steel   magnets,   and  prevents 
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motion  due  to  very  small  driving  forces,  but  it  is  adjusted  to  allo\v  the  meter 
to  readily  start  at  2  per  cent,  of  full  load. 

Eliimnation  of  Friction.  —In  the  preceding  descriptions  it  will  be  noted 
tliat  the  usual  method  adopted  to  neutralise  the  effect  of  friction  is  to  correct 
for  it  by  means  of  a  starting  coil  traversed  by  the  shunt  current,  and  so 
arranged  that  its* magnetic  field  assists  that  due  to  the  main  current  coils. 
In  this  manner  a  more  or  less  effective  compensation  can  be  applied.  The 
difficulty  lies  in  the  fact  that  friction  at  low  loads  is  not  constant,  but  is  a 
variable  quantity.  Another  disadvantage  is  the  tendency  of  the  meter  to  run 
on  the  shunt  alone.  The  magnetic  field  due  to  the  compensating  coil  is 
always  present,  as  the  shunt  circuit  is  always  energised,  and  a  constant  turning 
moment  is  being  continually  exerted  on  the  armature,  although  there  may  be 
no  current  in  the  main  coils.  A  small  increase  in  the  voltage,  slight  vibration, 
or  a  jar  will  often  be  quite  sufficient  to  start  a  meter.      In  consequence,  a  noii- 
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creeping  device  is  introduced,  most  commonly  in  the  form  of  a  light  piece  of 
iron  wire  on  the  brake  disc,  which  prevents  the  meter  from  starting  below 
1  per  cent,  to  2  per  cent,  of  the  maximum  load. 

The  problem  of  obtaining  a  straight  line  law  can  be  almost  solved,  without 
the  use  of  a  correcting  coil,  by  eliminating  as  far  as  possible  the  sources  of 
friction. 

A  large  driving  torque  should  be  used  permitting  a  heavy  magnetic  drag, 
so  that  the  work  done  by  the  meter  in  the  generation  of  Foucault  currents 
should  be  large  in  comparison  with  the  work  the  meter  has  to  do  in  over- 
coming the  friction  of  the  axle-bearings,  the  friction  of  the  brushes  on  the 
commutator,  and,  lastly,  the  friction  of  the  counting  train  and  gear  connecting 
it  with  the  motor  axle.  In  other  words,  the  ratio  of  the  driving  torque  to  the 
frictional  retarding  torque  should  be  as  high  as  possible,  and  the  driving 
torque  per  unit  weight  of  the  revolving  element  should  also  be  large.  The 
driving  torque,  per  se,  aifords  no  criterion  of  the  behaviour  of  a  meter  under 
working  conditions,  and  is  no  guarantee  of  the  retention  of  its  original 
accuracy.  The  weight  of  the  revolving  element,  and,  if  possible,  the 
frictional  retarding  torque,  should  also  be  stated,  together  with  the  driving 
torque  and  shunt  loss  at  the  particular  voltage.  All  these  figures  have  a 
definite  relationship  to  one  another,  and  in  making  a  comparison  of  meters 
it  is  essential  to  know  them  all. 

The  Evershed  Frictionless  Motor  Meter. — Mr  Evershed,  in  his  frictionless 
motor  meter,  manufactured  by  Evershed  &  Vignoles,  Ltd.,  London,  uses  the 
method  of  removing  the  various  causes  of  friction,  and  has  succeeded  in 
reducing  the  latter  quantity  to  an  even  smaller  value  than  3  dyne-centimetres. 
He  attains  this  end  in  the  use  of  several  ingenious  devices. 

A  magnetic  suspension  of  the  entire  revolving  element  is  used,  and  a  top 
bearing  is  entirely  dispensed  with,  the  axle  being  held  in  position  magnetically, 
i.e.  magnetically  pivoted.  The  brush  friction  is  reduced  by  the  employment 
of  a  novel  form  of  commutator  having  elastic  segments,  and  by  the  use  of  two 
light  and  freely  pivoted  wheels  as  brushes. 

The  friction  of  the  counting  train  and  gear  is  entirely  removed  from  the 
meter  axle.  The  train  is  driven  by  an  electro-magnetic  device,  the  speed  of 
working  of  which  is  controlled  by  the  speed  of  the  motor  without  any  mechanical 
connection  between  them. 

The  working  parts  of  Mr  Evershed's  meter  are  illustrated  in  Fig.  46.  A 
mild  steel  axle  a  supports  the  armature  A,  the  brake  disc  F,  and  the  coils 
Dj  Dg  which  actuate  the  counting  train. 

The  jewel  cup  in  which  the  axle  rests  is  shown  at  J  ;  its  upper  end  has  no 
mechanical  support,  but  is  maintained  in  position  by  the  magnetic  attraction 
of  an  iron  rod  R,  which  is  magnetised  by  the  brake  magnets  MM  through  an 
iron  yoke  Y  and  forms  the  supporting  pole.  The  distance  between  R  and  the 
end  of  the  axle  is  adjusted  by  screwing  R  in  the  yoke  Y  until  the  vertical 
force  nearly  suffices  to  lift  the  whole  weight  of  the  armature,  brake,  and  other 
parts  attached  to  the  axle.  K  is  the  commutator  placed  beneath  the  armature ; 
bb  are  the  wheel  brushes.  The  latter  are  pivoted  in  frames  fixed  on  an 
ebonite  base  E.  The  commutator  segments  are  fine  iridio-platinum  wires, 
supported  at  one  end  in  an  ivory  collet,  and  entirely  free  at  the  other  end, 
where  they  impinge  and  roll  on  the  brush  wheels.  The  pressure  circuit  is 
led  to  the  brush  wheels  through  their  frames,  and  the  step-bearing  of  each 
wheel  consists  of  an  iridio-platinum  pivot  resting  on  a  flat  plate  of  the  same 
metal.     The  armature  is  arranged  astatically,  and  is  divided  into  two  equal 
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portions,  placed  one  above  the  other  on  the  axle.  A  drum-winding  is  used  for 
the  armature,  a  break  being  made,  in  the  ordinary  course  of  winding,  in  each 
parallel,  in  order  to  insert  the  two  little  coils  D^  and  Dg. 


KiG.  4f>. 


D^  is  in  series  with  one  of  the  two  parallels  of  the  drum-winding  and 
Dg  in  series  with  the  other.  They  are  consequently  each  traversed  by  one-half 
of  the  whole  armature  current ;  and  as  they  form  electrically  a  part  of  the 
armature  circuit,  the  current  in  them  is;  reversed  twice  in  each  revolution  of 
the  axle.     The  currents  in  Dj  and  Dg  are  such  that  they  reverse  at  the  same 
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instant. and  flow  in  the  same  direction.  Surrounding  the  train  coils  D^and  D^ 
but  not  touching  them  is  a  ring  of  soft  iron  P,  forming  part  of  an  iron  lever 
L,  mounted  on  a  horizontal  axle  />.  L  is  magnetised  by  induction  from  one  of 
the  brake  magnets,  the  iron  bar  G  completing  the  magnetic  circuit  between 
S  and  n.  P  rocks  up  and  down  as  the  currents  in  the  main  coils  periodically 
reverse,  causing  L  to  make  a  complete  oscillation  on  its  axis  in  every  revolu- 
tion of  the  armature.     The  motion  of  the  lever  is  limited  by  stops,  and  is 

communicated  by  means  of  a  pawl  to  a  ratchet 
wheel  W,  which  is  attached  to  the  first  axle  of  the 
counting  train.  It  will  be  seen  from  the  position 
occupied  by  the  brake  magnets  relatively  to  the 
main  current  coils  that  it  is  impossible  for  any 
excess  current  to  demagnetise  them,  as  their  field 
is  at  right  angles  to  that  of  the  main  coils. 

Hartmann  &  Braun  Motor  Meter. — Messrs 
Hartmann  &  Braun,  Frankfort  (the  Union  Electric 
Company,  Ltd.,  London),  manufacture  a  very 
simple  meter,  in  which  they  obtain  a  high  ratio 
between  the  driving  torque  and  friction  by  minimis- 
ing the  frictional  resistances  inherent  to  meters  of 
this  class. 

A  single  brush,  with  a  three-part  commutator 
of  small  diameter  and  a  light  revolving  element 
weighing  about  100  grammes,  form  the  character- 
istic features  by  which  they  attain  this  end. 

Experiments  prove  that  brush  friction  is  the 
most  fruitful  source  of  trouble  in  commutator 
motor  meters,  and  is  a  maximum  as  the  brush 
passes  from  one  commutator  segment  to  the  next. 
This  passage  takes  place  three  times  per  revolu- 
tion per  brush  on  a  three-part  commutator,  so  that 
in  this  case  the  frictional  disturbance  is  consider- 
ably less  than  in  an  ordinary  Thomson  meter  with 
two  brushes  and  eight  commutator  segments. 

With    the    arrangement    adopted,    the    total 
friction  is  so  considerably  reduced  that  no  com- 
pensating coil  is  required,  exerting  a  continuous 
turning    moment    on   the   armature,    both    when 
current  is  and  is  not  flowing  in  the  main  field  coils. 
The  special  connections  adopted  for  the  arma- 
ture circuit  permitting  the  use  of  a  single  brush 
are  shown  diagrammatically  in  Fig.  47. 
The  armature  is  composed  of  three  coils,  a,  b,  c,  which  are  arranged  at  an 
angle  of  120  degrees  with  one  another.     In  conjunction  with  the  armature 
coils,  three  resistances  ?^j ,  iv^ ,  and  w^  are  used,  each  coil  being  in  series  with  a 
commutator  segment  and  a  resistance. 

The  free  ends  of  the  coils,  as  well  as  those  of  the  resistances,  are  joined 
together,  and  the  common  junction  of  the  armature  windings  is  insulated 
from  the  spindle.  The  current  enters  the  armature  circuit  at  the  point  of  the 
common  connection  of  the  resistances  with  the  armature  spindle  by  means  of 
a  light  spring  which  presses  on  the  latter.  It  is  conducted  away  by  the  one 
brush  on  the  commutator. 


Fig.  47. 
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The  armature  coils  are  all  similarly  wound  from  the  comuiutator,  and 
current  flows  in  them  so  that  two  are  always  polarised  in  the  same  sense, 
whereas  the  third,  in  which  the  current  is  double  that  in  the  other  two,  is  of 
the  opposite  polarity.  The  total  current  in  the  armature  remains  practically 
constant  during  a  revolution,  and  only  increases  by  a  very  small  percentage 
at  the  moment  when  the  brush  is  making  simultaneous  contact  with  two 
segments. 

The  meter  itself  is  illustrated  in  Fig.  48. 

It  consists  of  the  armature  and  resistances,  a  main  current  coil,  the  usual 
magnetic  brake,  situated  at  the  top  of  the  instrument,  and  a  counting 
mechanism  with  springing  figures.  The 
resistance  coils  connected  to  the  arma- 
ture windings  weigh  only  about  5  per 
cent,  of  the  total  weight  of  the  mov- 
ing system,  and  they  are  therefore 
mounted  with  the  armature  on  the 
spindle.  The  resistances  used  in  the 
pressure  circuit  to  keep  the  current  in 
the  armature  low  are  wound  in  sections 
on  bobbins  fixed  to  the  meter  base  on 
either  side  of  the  counting  mechanism. 
In  the  two-wire  meter  only  one  main 
current  coil  is  used  ;  the  whole  instru- 
ment is  exceedingly  compact,  and  its 
parts  are  readily  accessible.  The  top 
spring  connection  is  protected  by  a 
small  shield,  and  the  brush  and  the 
comnuitator  are  clearly  shown  in  the 
illustration.  No  compensating  coil  is 
employed,  but  two  small  electro-mag- 
nets produce  a  supplemental  torque  for 
equalising  the  whole  driving  torque. 
As  already  indicated,  with  the  special 
armature  connections  adopted,  one 
armature  winding  always  carries  a 
current  of  double  the  strength  of  that 
flowing  in  the  other  two  coils,  and  each 
electro-magnet  is  so  arranged  that  the 
torque  it  exerts  acts  in  a  positive  sense 
on  this  coil,  and  only  at  the  moment 
when  the  reversal  takes  place,  i.e.  when  the  brush  is  leaving  the  segment 
joined  to  this  coil.  The  sphere  of  action  of  each  electro-magnet  is  thus 
limited  to  one  coil,  so  that  shunt  runnhig  is  completely  prevented. 

The  two  electro-magnets — as  will  be  seen  in  the  illustration  of  the  meter 
— are  in  front  of  and  on  either  side  of  the  armature,  and  are  supported  on 
springs  attached  to  the  uprights  on  each  side  of  the  main  field  coil. 

They  are  further  so  arranged  that  they  cause  the  meter  to  run  com- 
paratively faster  at  low  loads  than  at  full  loads.  With  this  improvement 
their  meter,  when  new,  will  run  somewhat  too  fast,  so  that  in  case  the 
friction  should  increase  during  long-continued  use,  it  will  show  a  better  and 
not  a  worse  agreement  between  the  constants  at  the  low  and  high  loads. 


Fig.  48. 


CHAPTER  V. 

CONTINUOUS  CURRENT  ENERGY  METERS  OF  DIFFERENT 

TYPES. 

Aron  Clock  Meter  —  Electrical  Company's  Oscillating  Meters  —  Acme  Meter  —  Deutsch- 
Russische  Meter — Peloux  Meter — Brush  Sangamo  Mercury  Meter — Hookham  Mercury 
Meter. 

In  the  present  chapter  are  included  descriptions  of  some  direct  current 
energy  meters,  which,  although  based  on  the  well-known  electro-magnetic 
principle,  differ  in  many  essential  details  from  the  energy  motor  meters 
included  in  Chapter  IV.  Many  of  these  meters  are  typical  of  distinct  classes, 
and  in  some  cases  are  the  only  representatives  in  commercial  use. 

The  Aron  Clock  Meter. — The  most  successful  clock  meter  in  use  at  the 
present  day  is  the  well-known  Aron  watt-hour  meter,  invented  by  Dr  Aron,  of 
Berlin.  Only  the  latest  form,  embodying  the  most  recent  improvements,  is 
here  described.  The  principle  of  the  Aron  meter  is  the  same  as  that  employed 
in  all  continuous  current  energy  meters,  with  the  difference  that  the  electro- 
magnetic interaction  between  the  currents  in  the  stationary  and  movable 
coils  is  not  used  to  produce  motion,  but  to  influence  an  already  existing  one — 
in  this  case,  the  swing  of  a  pendulum. 

The  very  simple  mathematics  illustrating  the  law  of  the  meter  is  given 
on  page  23  in  the  chapter  on  the  theory  of  continuous  current  meters, 
from  which  it  will  be  seen  that  the  meter  depends  on  the  difference  in  the 
rates  of  oscillation  of  two  pendulmns.  The  meter  readings  are  not  in  any  way 
dependent  on  the  actual  speed  of  either  pendulum,  but  only  on  the  differences 
in  speed  produced  by  the  passage  of  a  current  in  the  circuit  to  which  the 
meter  is  connected.  In  the  earlier  forms  one  pendulum  only  was  accelerated 
by  the  current,  while  the  other  simply  oscillated  at  the  normal  rate,  acted 
upon  by  the  force  of  gravity  alone. 

A  greater  sensitiveness  and  range  are,  however,  obtained  by  arranging 
both  pendulums  so  that  each  is  influenced  by  the  current,  as  in  the  present 
type,  the  one  being  accelerated  and  the  other  retarded.  Distinct  from  the 
older  patterns,  the  axes  of  the  different  coils  are  all  vertical. 

A  general  view  of  the  two-wire  house-meter,  with  the  cover  removed,  is  given 
in  Fig.  49.  Fig.  50  illustrates  the  arrangement  of  the  pendulum  P  with 
pallet  2^,  escapement  wheel  E,  and  potential  coil  C. 

Each  pendulum  carries  a  potential  coil,  energised  by  the  supply  voltage, 
and  swings  above  a  stationary  main  current  coil.  The  two  pendulum  coils 
are  connected  together  in  series  and  with  resistances,  to  reduce  the  voltage 
across  their  terminals  and  keep  the  shunt  current  low.  They  are  similarly 
wound,  and  are  each  traversed  by  the  shunt  current  in  the  same  direction. 
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The  two  main  current  coils  are  also  in  series  with  one  another,  but  are 
wound  in  opposite  senses,  so  that  the  main  current  flows  in  one  in  a  clock- 
wise and  in  the  other  in  a  counter-clockwise  direction.     As  each  pendulum 


Fig.  49. 


Fig.  50. 


coil  presents  the  same  polarity  to  the  series  coil  above  which  it  oscillates, 
and  the  two  series  coils  are  oppositely  polarised  as  regards  one  another,  the 
result  is  a  retardation  of  the  one  pendulum  and  an  acceleration  of  the  other. 
The  difference  in  speed  thus  produced  is  pro- 
portional to  the  power  in  watts,  and  is  con- 
tinuously integrated  by  means  of  a  differential 
gear  and  counting  mechanism,  in  every  way 
similar  to  the  method  employed  in  the  earlier 
meters.  The  differential  gear  is  illustrated 
in  Fig.  51,  and  the  parts  are  shown  in  Fig. 
52.  It  consists  of  two  side  wheels  W^  W^ 
running  loose  on  their  shafts,  and  driven  in 
opposite  directions  by  the  two  clocks  at 
speeds  respectively  proportional  to  the  rates 
of  swing  of  the  two  pendulums.  Between  the 
two  wheels,  and  gearing  with  them,  is  mounted  the  planet  wheel  Wg  at  right 
angles  to  their  planes,  and  carried  on  a  spindle  rigidly  attached  to  the  main 
horizontal  axle  A.  So  long  as  no  difference  in  speed  exists  between  the  two 
wheels  W^  and  W2  the  planet  wheel  Wg  will  merely  revolve  on  its  own  axis, 
but  as  soon  as  one  wheel  goes  faster  than  the  other  it  will  turn  round  and 


Fig.  51. 
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carry  with  it  the  counterpoises  G  and  the  main  axle  A.  The  motion  of  the 
main  axle  is  communicated  to  the  train  of  wheels  moving  the  pointers  on  the 
dials,  which  sum  up  the  differences  in  speed  and  indicate  in  the  usual  manner 
the  amount  of  energy  consumed  in  B.O.T.  units.     The  clocks  are  made  self- 


I  M^ 


Fig.  52. 


winding ^by^means^of  an  electrical  winding  gear,  removing  the  disadvantage, 
inherent  to'  the  earlier  meters,  of  the  necessity  to  periodically  wind  up  the 
clocks.     Without  the  electrical  winding  arrangement,  it  was  essential  to  wind 

up  the  clocks  about  once  a  month, 
as  otherwise  the  clocks  would  stop, 
and  the  record  with  them. 

A  front  view  of  the  gear  is 
shown  in  Fig.  53,  and  the  three 
Figs.  54,  55,  and  56  are  diagram- 
matic representations  to  illustrate 
its  working. 

The  power  spring  S  (clearly 
seen  in  Fig.  54)  controls  the  two 
clocks,  and  is  wound  up  every 
thirty  seconds  by  means  of  an 
electro-magnet  M.  The  armature 
of  the  electro-magnet  consists  of 
a  Z-shaped  piece  of  soft  iron  N, 
pivoted  between  the  poles.  At- 
tached to  the  armature  at  R  is 
the  spring  S,  the  other  end  of 
which  is  secured  to  the  magnet 
frame  at  F.  The  winding  gear  in 
its  normal  position  before  the  spring 
is  wound  up  is  shown  in  Fig.  54. 
The  electrical  circuit  is  indicated  by  the  dotted  line  A,  and  is  opened  and 
closed  at  the  contact  pin  X  by  means  of  a  special  switch  K,  which  is  pivoted 
at  D.  When  .the  circuit  is  closed  and  current  passes,  the  coil  of  the  electro- 
magnet becomes  energised.  The  armature  N  is  then  attracted  and  is  rotated 
clockwise  through  about  a  quarter  of  a  revolution,  carrying  with  it  the  power 
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spring  S,  which  is  thus  wound  up.  This  condition  with  the  spring  fully 
wound  is  shown  in  fig.  55. 

Simultaneously  the  pin  X,  which  is  fixed  to  the  armature,  is  turned  round 
and  opens  the  switch,  the  insulated  right-hand  arm  of  which  now  rests  on  the 
pin  instead  of  the  silver  contact  plate  Cp,  to  which  the  other  end  of  the 
circuit  is  joined  at  D. 

As  the  spring  uncoils  it  brings  back  the  armature,  and  with  it  the  pin  X. 


When   it   reaches  the  normal   position,  contact  between  X  and  Cp  is  again 
established  and  the  circuit  closed. 

A  small  amount  of  surplus  power  is  left  in  the  spring,  so  that  a  rubbing 
contact  is  always  obtained  between  the  plate  Cp  and  the  pin  X.  In  addition, 
a  quick  make  and  break  action  is  given  to  the  switch  by  the  spring  0.  This 
spring  is  fixed  to  the  switch  above  its  point  of  rotation,  and  pulls  it  sharply 
on  or  off,  according  to  the  position  of  the  switch  relatively  to  its  pivot  D. 
The  whole  switch  gear  is  mounted  on  rubber  to  render  the  operations  of  open- 
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ing  and  closing  the  circuits  as  noiseless  as  possible.     The  contact  plate  Cp  is 
carried  by  a  flat  spring  attached  to  its  arm. 

The  driving  spindle  Z  is  actuated  by  the  power  spring  S  through  a  ratchet 
wheel  and  two  pawls,  shown  in  Fig.  56.  The  ratchet  wheel  is  keyed  to  the 
driving  shaft,  and,  while  the  spring  is  being  wound  up,  is  held  in  position  by 


Fig.  55. 


the  upper  pawl  P,  which  is  fixed  to  the  magnet  frame.  As  the  spring  un- 
winds, the  ratchet  wheel  is  driven  round  by  the  lower  pawl  Pj  on  the 
armature.  In  order  to  enable  the  two  clocks,  going  at  different  rates,  to  be 
driven  by  one  mainspring,  a  second  differential  gear,  precisely  the  same  as 
that  already  described,  is  introduced. 

It   has   been   explained   how   the   differences   in  speed  between  the  two 
pendulums   are   transmitted   to   the   counting   train  ;  and  consequently  any 


CONTINUOUS  CURRENT  ENERGY  METERS  OF  DIFFERENT  TYPES.     75 


want  of  synchronism  between  the  penduhims,  when  no  current  is  flowing  in 
the  main  coils,  would  be  registered  on  the  meter  dials  either  one  way  or  the 
other. 

This  effect  is  neutralised  by  introducing  a  reversing  mechanism,  Fig.  57, 
which  at  regular  intervals  of  ten  minutes  causes 
an  extra  wheel  to  be  placed  in  or  out  of  gear 
between  the  differential  wheel  and  the  counting 
train,  reversing  the  direction  of  rotation  of  the 
latter. 

Referring  to  Fig.  57,  Dj  is  the  driving  wheel 
on  the  differential  gear  which  actuates  through 
the  intermediate  set  of  wheels  the  first  motion 
wheel  Dg  of  the  integrating  dials. 

Acting  alone,  this  reversing  mechanism 
would  also  destroy  the  differences  of  speed 
produced  by  the  passage  of  a  current,  so  that 
a  commutator  is  employed  in  conjunction  with 
it.  This  commutator,  simultaneously  with  the 
action  of  the  reversing  mechanism,  reverses  the 
current  in  the  pendulum  coils,  causing  the 
retarded  pendulum  to  be  accelerated,  and  the 

accelerated  one  to  be  retarded.  The  commutator  C,  illustrated  in  Fig. ^58, 
is  mounted  on  an  axle  which  carries  on  its  front  end  the  cam  Cj.  By  means 
of  the  pin  attached  to  this  cam  the  wheel  work  of  the  reversing  gear  is 
controlled.     Both  mechanisms  are  driven  by  the  main  power  spring,  but  a 


Fig.  56. 
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Fig.  58. 


small  intermediate  spring  produces  the  quick  action  necessary  to  work  the 
commutator.  It  is  wound  up  and  suddenly  released  every  ten  minutes, 
rotating  the  commutator  through  half  a  revolution  and  operating  the  revers- 
ing lever. 

The  meter  is  unaffected  by  external  magnetic  fields.     This  result  is  due  to 
the   two   potential  coils  on  the  pendulum  bobs  being  similarly  wound,  and 
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being  each  traversed  by  the  shunt  current  in  the  same  direction.  Each 
penduhim  is  therefore  influenced  by  the  stray  field  external  to  the  meter  in 
exactly  the  same  manner ;  each  is  either  accelerated  or  retarded.  This  will, 
however,  not  in  any  way  influence  the  meter  indications,  as  they  depend  solely 
on  the  difference  in  speed  of  the  two  pendulums,  and  not  on  the  actual  rate  of 
oscillation  of  either. 

From  the  principle  of  the  meter  it  follows  that  any  current  in  the  main 
coils,  however  small,  will  gradually  accumulate  a  correct  record  on  the  dials. 

The  energy  expended  in  the  shunt  circuits  amounts  to  a  little  over  three 
watts  for  a  200  volt  meter. 


The  Aron  meter  is  equally  accurate  on  direct  and  alternating  currents 
For  alternating  currents,  however,  the  winding  gear,  being  highly  inductive, 
must  be  wound  to  suit  the  periodicity  of  the  circuit  on  which  it  is  to  be  used. 

In  the  three-wire  meter  each  main  current  coil  is  inserted  in  one  of  the 
outer  mains,  and  the  pressure  coils  are  connected  in  series  across  the  whole 
three-wire  system,  the  junction  of  the  two  volt  coils  being  connected  to  the 
neutral  wire.  The  Aron  three-wire  meter,  therefore,  measures  the  true  energy 
consumption  in  the  whole  system  when  connected  in  this  manner,  however 
unbalanced  the  two  sides  may  be,  and  whatever  the  nature  of  the  supply 
current,  in  contrast  to  the  ordinary  three-wire  energy  motor  meter,  which  only 
gives  the  true  amount  under  certain  conditions. 


CONTINUOUS  CURRENT  ENERGY  METERS  OF  DIFFERENT  TYPES.     77 


The    Electrical    Company's    Oscillating    Direct    Current   Meter. — The 

continuous  current  watt-hour  meter  of  the  Electrical  Company,  Limited, 
London,  has  many  characteristics  distinguishing  it  from  energy  meters 
designed  for  continuous  current  work.  In  common  with  all  these  meters  the 
same  principle  is  used,  but,  by  adopting  a  special  device,  an  oscillatory  motion 
is  produced  instead  of  one  of  rotation. 

The  armature  coil,  which  is  in  the  pressure  circuit,  oscillates  between  two 
fixed  points  in  the  magnetic  field  of  the  main  current  coil.     No  iron  is  used  in 
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Fig.  60. 


either  the  field  or  armature.  Current  is  conducted  to  and  from  the  oscillating 
coil  by  means  of  two  fine  helical  silver  threads,  and  brushes  and  a  commutator 
are  dispensed  with,  entirely  removing  the  frictional  disturbances  incident  to 
their  use.  The  meter  is  made  in  two  parts,  electrically  but  not  mechanically 
connected — the  meter  proper,  and  a  relay  actuating  the  counting  train. 

Fig.  59  is  an  illustration  of  the  meter,  type  K.G.,  and  in  fig.  60  is  given 
a  diagrammatic  sketch  of  the  swinging  system. 

H  is  the  stationary  main  current  coil,  in  front  of  which  the  armature  S  is 
mounted  on  the  vertical  axle  A.       The  axle  rests  on  a  bottom  ball-bearing, 


78 


ELECTRICITY   METERS. 


flexibly  supported,  and  has  attached  to  it  the  contact  arm  K  and  the  brake 
disc  D.  This  disc,  together  with  the  permanent  magnet  M,  constitutes  the 
usual  magnetic  brake.  The  magnet  is  screened  from  any  demagnetising 
action  of  the  main  current  coil  by  a  thin  iron  sheet,  which  further  serves  to 
carry  the  contact  stops  K^  and  Kg.  These  stops  limit  the  extent  of  the 
oscillation,  and,  in  conjunction  with  the  contact  arm  and  the  relay,  reverse  the 
direction  of  the  shunt  current  in  the  armature  coil  in  a  manner  to  be  described 
later. 

At  F  are  shown  the  two  helical  silver  conducting  threads,  which  are  of 
such  a  length  that  their  torsion  does  not  affect  the  swings. 

The  relay  is  diagrammatically  represented  in  Fig.  61.  It  is  composed  of 
two  electro-magnets  Ej  and  Eg ,  the  common  armature  of  which  is  fixed  to  the 
pivoted  arm  R.  This  arm  establishes  electrical  contact  alternately  with  each 
of  two  contact  stops  Cj  and  Cg  according  to  which  electro-magnet  is  operating. 

The  rocking  motion  of  R  is  communicated 
to  the  counting  train  through  a  pawl  s  and 
a  ratchet  wheel  r. 

The  counting  mechanism  is  of  this  com- 
pany's well-known  cyclometer  type,  and  its 
friction  is  completely  removed  from  the  oscil- 
lating meter  axle  in  this  manner.  Further, 
the  work  expended  in  actuating  the  train  is 
accomplished  by  the  shunt  current. 

No  starting  coil  is  used,  and  consequently 
the  meter  is  free  from  running  on  the  shunt 
alone. 

For  very  low  loads,  below  one-tenth  full 
load,  the  field  due  to  the  resistance  coil  on 
the  right  of  the  armature  in  the  small  type, 
Fig.  59,  is  used  as  a  fine  adjustment  for 
friction  in  the  calibration  of  the  meter.  The 
field  of  this  coil  is,  however,  so  weak  that 
with  double  the  pressure  it  does  not  produce  creeping. 

The  action  of  the  meter  can  best  be  followed  from  the  diagram  of  the 
electrical  connections  given  in  Fig.  62.  S  is  the  oscillating  armature  coil,  H  is 
the  main  coil,  r^  and  rg  are  the  resistances  used  in  the  pressure  circuit,  and 
K^ ,  Kg ,  and  K  are  the  contact  stops  and  contact  arm  of  the  meter  proper. 
The  relay  circuit  is  shown  in  the  same  way,  above  the  connections  of  the  meter ; 
Ej  and  Eg  are  the  two  electro-magnets,  and  R  is  the  rocking  arm  carrying  the 
common  armature,  Cj  and  Cg  being  the  two  relay  contact  stops. 

In  the  position  shown,  the  coil  S  is  just  about  to  complete  its  forward 
swing  from  left  to  right. 

The  current  in  the  shunt  circuit  is  flowing  from  the  +  shunt  terminal 
round  Eg  to  the  contact  Cg.  From  this  point  it  is  passing  down  the  armature 
coil  S  in  shunt  with  the  resistance  7\ ,  and  leaves  by  the  -  terminal  after 
traversing  the  resistance  rg  in  series  with  the  second  electro-magnet  E^.  This 
condition  obtains  until  the  arm  K  impinges  on  Kg  at  the  end  of  the  swing. 
The  electro-magnet  Eg  is  immediately  short-circuited  on  itself,  and  the  path 
of  the  current  is  through  Kg  and  K  into  the  armature  coil  S  in  series  with 
both  rg  and  Ej.  No  current  is  in  Eg ,  and  the  contact  at  Cg  is  broken  by  the 
arm  R  being  pulled  over  by  the  attraction  of  E^  on  its  armature,  when  contact 
is  made  at  C^. 
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The  arm  K  now  leaves  the  stop  Kg  due  to  the  impact ;  it  does  not  strike 
the  stop  and  leave  it  instantaneously.  The  actual  contact  is  made  by  a 
platinum  strip  flexibly  carried  on  the  arm  itself.  The  result  is  that  contact  is 
maintained  just  long  enough  to  allow  the  relays  to  operate  before  the  armature 
contact  is  opened. 

It  will  be  seen  that  in  this  manner  no  part  of  the  pressure  circuit  is  broken 
under  current,  and  that  no  sparking,  with  the  consequent  wear  at  the  contacts, 
can  occur.  The  moment  K  leaves  Ko ,  the  current  is  reversed  in  the  coil  S, 
which  now  executes  a  backward  swing  from  right  to  left.  At  this  stage  the 
current  takes  the  path  from  the  -f  shunt  terminal  to  E^ ,  in  series  with  r^  It 
then  flows  up  the  armature  coil  in  shunt  with  the  resistance  rg  and  passes 
from  the  contact  C^  round  the  electro-magnet  Ej  to  the  -  terminal  of  the 
meter.  As  soon  as  K  touches  K^  the  same  cycle  of  operations  is  repeated,  but 
reversed  as  regards  direction, 
and  the  armature  starts  to  swing 
again  from  left  to  right. 

It,  of  course,  continues  to 
oscillate  backwards  and  forwards 
so  long  as  a  current  is  flowing 
in  the  main  coil.  During  each 
complete  oscillation  the  ratchet 
wheel  on  the  first  motion  shaft 
of  the  counting  train  is  ad- 
vanced through  one  tooth.  A 
complete  oscillation,  i.e.  the 
whole  motion  of  the  swinging 
coil  in  passing  a  given  point 
twice  in  the  same  direction,  cor- 
responds to  a  complete  revolu- 
tion in  a  motor  meter  with 
continuous  rotation.  The  num- 
ber of  complete  oscillations 
executed  in  a  given  time  will 
be,  in  the  same  manner,  pro- 
portional to  the  energy  delivered 
in  that  time. 

The  action  of  the  meter  is 
quite    continuous,    and    is    not 

intermittent  as  in  meters  with  periodic  addition,  which  form  a  class  distinct 
in  themselves.  These  intermittently  registering  meters  are,  however,  not 
used  at  the  present  day. 

The  meter  is  suitable  for  two-  and  three-wire  continuous  current  circuits  up 
to  100  amperes.  Above  this  current  the  Electrical  Company  use  their  large 
oscillating  meter,  which  is  exactly  the  same  in  principle  as  the  one  just 
described.  It  difl'ers  from  it  in  a  few  particulars.  Two  main  current  coils 
are  used,  and  the  armature,  which  is  symmetrically  supported  between  them, 
consists  of  two  half  coils  oppositely  wound,  each  of  which  is  furnished  with  its 
own  contact  arm.  Three  helical  silver  threads  are  used  in  this  type  to 
conduct  the  current  to  and  from  the  swinging  coil.  The  relay  and  the  counting 
mechanism  are  actuated  in  exactly  the  same  way  as  in  the  smaller  meter,  but 
the  windings  of  the  relay  magnets  are  in  series  with  the  two  halves  of  the 
armature  coil  and  the  two  resistances  of  the  shunt  circuit. 


Fig.  62. 
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Two  brake  magnets  are  usually  used.  The  general  arrangement  of  a  two-wire 
meter,  type  G,  suitable  for  800  amperes,  is  depicted  in  Fig.  63.  The  armature 
coil  oscillates,  as  before,  between  two  contact  stops.  During  a  swing  from  one 
extreme  position  to  the  other,  only  one  winding  of  the  armature  is  active,  the 
other  remains  short-circuited  on  itself  until  this  swing  has  been  completed, 
when  it  becomes  the  active  half,  and  the  other,  previously  in  circuit,  is  short- 
circuited  on  itself  and  remains  inoperative  until  the  armature  again  starts 
from  its  initial  position.  Figs.  64,  65,  66,  and  67  show  how  this  oscillatory 
motion  is  obtained,  and  represent  diagrammatically  the  electrical  circuits  of 

the  meter  and  relay. 
^  Fig.  64  gives  the  extreme  position 

I  on  the  left,  with  the  coil  just  about  to 
swing  from  left  to  right.  In  all  the 
figures  the  shaded  portions  indicate 
those  circuits  which  are  short-circuited 
on  themselves  and  do  not  carry  any 
current.  In  this  position  the  current 
flows  through  the  right-hand  electro- 
magnet in  series  with  the  left-hand 
winding  of  the  armature  coil  and  the 
two  resistances. 

Fig.  65  shows  the  coil  in  the  middle 
of  its  swing,  the  two  electro-magnets 
being  now  in  series  with  the  same 
winding  as  in  Fig.  64  and  the  two 
resistances.  Fig.  66  is  the  extreme 
right-hand  position.  It  will  now  be 
seen  that  the  right-hand  coil,  which 
has  remained  short-circuited  through- 
out this  swing,  is  now  operative,  and 
that  the  right-hand  electro-magnet 
winding  is  closed  on  itself. 

The  current  now  passes  through 
the  right-hand  coil  in  series  with  the 
resistances  and  the  left-hand  relay.  It 
is,  moreover,  reversed  in  the  armature, 
so  that  the  armature  coil  will  be  re- 
pelled from  this  position  and  will  swing 
back.  Fig  67  corresponds  to  Fig.  65, 
but  the  current  conditions  are  inter- 
changed as  regards  the  windings. 
No  starting  coils  are  used  in  this  type,  and  the  meters  do  not  register  on 
open  circuit. 

As  in  the  small  type,  the  resistance  coil  on  the  left  of  the  armature  and 
field  system  (Fig.  63)  supplements  the  driving  torque  for  loads  below  one- 
tenth  load,  and  this  coil  is  adjustably  momited,  so  that  its  effect  can  be 
regulated  in  calibrating  the  meter. 

They  readily  start  with  1  per  cent,  of  the  maximum  current,  and  the 
registration  is  made  on  this  company's  usual  cyclometer  counter. 

The  meter  is  unaffected  by  external  magnetic  fields,  as  the  two  halves  of 
the  armature  coil  form  an  astatic  combination. 

The   'Acme'   Direct   Current   Watt-hour   Meter    exhibits    some    novel 
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features  of  construction  and  arrangement.  Its  armature  consists  of  an 
astatically  arranged  iron  core,  magnetised  by  a  single  stationary  shunt  coil  and 
caused  to  rotate  by  two  stationary  main  current  coils.     The  relative  position 


Fig.  64, 


Fig.  65. 


of  the  shunt  and  main  coils  is  well  shown  in  the  view  given  of  the  meter  in 
Fig.  68. 

The  utilisation  of  the  iron  armature  enables  a  large  torque  to  be  obtained 
with  a  light  revolving  element.     The  hysteresis  errors  due  to  the  use  of  iron 


Fig.  66. 


are  small  and  do  not  affect  the  accuracy  of  the  meter.  The  iron  core  is  so 
constructed  that  the  upper  pole-piece,  readily  visible  in  the  illustration, 
revolves  inside,  while  the  lower  one  revolves  outside  the  field  coils.  Both 
pole-pieces  are  situated  on  the  same  side  of  the  armature  spindle  and  are  in 
close    proximity    to    one    another.       This    renders   the    instrument    almost 
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completely  independent  of  external  magnetic  influences.  The  work  done  by 
the  meter  is  absorbed,  in  the  customary  manner,  by  eddy  currents  generated 
in  an  aluminium  disc,  which  is  supported  at  the  upper  extremity  of  the 
armature  axle,  and  which  rotates  between  the  poles  of  a  permanent  magnet. 
The  polarity  of  the  shunt  coil  is  reversed  twice  in  each  revolution  of  the 
armature  by  means  of  a  special  commutating  device.  This  latter  is  composed 
of  a  laminated  commutator  mounted  on  its  own  shaft,  supported  on  two 
special  bearings.     The  commutator  has  no  mechanical  connection   with  the 

armature  spindle.  Both 
the  commutator  brushes 
are  electrically  connected 
to  the  stationary  shunt 
winding,  and  the  current 
is  led  to  the  commutator 
segments  by  two  small 
contact  blades  which  bear 
on  them.  The  commu- 
tating mechanism  is  situ- 
ated on  the  right  of  the 
meter  axle,  and  can  be 
easily  seen  in  the  illustra- 
tion. 

Mounted  on  the  com- 
mutator axle  is  a  disc, 
carrying  on  its  periphery 
a  series  of  pins  corre- 
sponding in  number  to 
the  number  of  commuta- 
tor segments. 

Two  semicircular  discs 
are  fixed  on  the  armature 
spindle  in  line  with  these 
contact  pins.  After  a 
semi-revolution  of  the 
armature,  one  of  these 
half  discs  engages  with 
one  of  the  pins  and 
rotates  the  commutator 
through  the  width  of  one 
segment.  This  action  re- 
verses the  current  in  the 
shunt  coil.  As  the  re- 
verse takes  place  at  the  dead  point  of  the  armature,  its  own  momentum 
would  not  suffice  to  operate  the  commutator.  A  small  electro-magnet 
is  consequently  used  to  impart  to  it  an  auxiliary  impulse.  When  the 
armature  reaches  the  reversing  point,  a  contact  device,  carried  on  the 
upper  pivot  of  the  main  meter  axle,  places  the  electro-magnet  in  parallel 
with  the  shunt  coil  and  a  portion  of  the  resistance  which  is  in  circuit  with  the 
latter.  The  electro-magnet  is  now  energised,  attracts  its  armature  fixed  to 
the  main  spindle,  and  thus  gives  the  meter  armature  the  required  additional 
momentum  to  carry  it  over  the  dead  point  and  ensure  the  proper  action  of  the 
commutator.     At  the  same  time  it  compensates  for  bearing  friction  for  the 
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half  revolution.  This  supplemental  impulse  is  given  only  in  the  position  of 
minimum  torque,  whilst  in  the  position  of  maximum  torque  the  electro- 
magnet exerts  no  influence  on  the  meter  armature.  During  the  greater 
part  of  a  revolution  the  armature  rans  quite  free,  and  the  friction  of  the 
commutator,  when  the  latter  comes  into  operation,  is  overcome  as  explained. 

No  sparking  occurs  at  the  moment  of  reversal,  as  practically  no  current 
then  flows  in  the  shunt  coil.  The  counting  mechanism  is  driven  by  a  worm 
on  the  commutator  axle,  so  that  any  frictional  resistance  due  to  it  is  removed 
from  the  main  armature  spindle. 

No  compounding  or  compensating  coil,  exerting  a  constant  driving  torque, 
is  required,  as  most  of  the  sources  of  friction  are  removed  from  the  main 
meter  axle,  and  are  in  great  part  compensated  for. 

The  Deutsch-Russische  Direct  Current  Meter. — The  continuous  current 
meter,  type  E,  manufactured  by  the  Deutsch-Russische  Elektricitatszahler- 
Gesellschaft,  19  Glogauerstrasse,  Berlin,  possesses  many  novel  and  character- 
istic features.  The  complete  instrument,  with  the  cover  removed,  is 
illustrated  in  Fig.  69.  Both  the  shunt  and  the  two  main  current  coils  are 
stationary,  and  the  rotation  of  the  meter 
spindle  is  effected  by  means  of  a  so-called 
'reverser'  armature,  forming  a  light  mag- 
netic needle  permanently  polarised  by  the 
shunt  current.  The  counting  mechanism 
is  operated  electrically  by  means  of  a  relay, 
which,  in  a  manner  to  be  explained  later, 
momentarily  causes  the  reverser  armature 
to  return  to  its  initial  starting  position, 
when  it  retraces  its  path  afresh  under  the 
action  of  the  main  current.  The  meter 
spindle  carries  at  its  lower  extremity  a 
copper  brake  disc,  which  revolves  between 
the  poles  of  a  permanent  magnet  and  pro- 
duces the  resisting  torque  to  control  the 
speed.  The  magnet  is  shielded  from  the 
disturbing  influence  of  a  short-circuit  cur- 
rent by  a  sheet-iron  partition  between  it  and  the  left-hand  series  coil.  A 
light  revolving  element  is  obtained  in  consequence  of  the  arrangement 
adopted,  and  the  friction  of  the  lower  jewel  is  considerably  reduced ; 
further,  the  friction  of  the  counting  gear  is  entirely  removed  from  the  meter 
spindle. 

No  commutator  and  brushes  are  employed,  so  that  brush  friction  is 
eliminated,  and  the  one  rubbing  contact  of  the  meter  is  only  in  operation 
momentarily  when  the  relay  is  energised.  Suitable  resistances  are  used  in 
the  pressure  circuit,  and  no  sparking  occurs  at  the  contact. 

The  principle  of  the  meter  will  be  readily  understood  by  reference  to  the 
diagrams  given  in  Figs.  70  and  71. 

Referring  to  Fig.  70,  the  reverser  armature  R,  energised  by  the  shunt 
current,  rotates  on  the  axle  A  under  the  action  of  the  main  current  in  the 
series  coils  H  H.  Theoretically,  the  armature  would  be  turned  through  an 
angle  of  180  degrees,  from  one  parallel  position  to  the  meter  base  into  the 
corresponding  position,  and  would  then  stop.  The  directive  force  grows  from 
a  zero  value,  and  reaches  a  maximum  in  the  middle  position  at  90  degrees, 
when  the  shunt  coil  is  at  right  angles  to  the  main  current  field ;  it  then  falls 
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Fig.  70. 


off  and  again  reaches  the  zero  value,  when  the  armature  is  in  the  parallel 
position  once  more.     For  the  operation  of  the  meter  only  the  fourth   part 

of  the  possible  angular  motion  is 
used,  and  in  that  part  of  the  field 
22|  degrees  on  either  side  of  the 
maximum.  When  the  armature 
has  turned  through  these  45  de- 
grees, two  platino-iridium  contacts 
C,  and  Cg  come  together  and  close 
the  relay  circuit.  The  one  contact 
is  carried  by  the  reverser  arma- 
ture, and  the  other  is  attached  to 
the  pivoted  armature  of  the  relay 
E,   which  becomes  energised. 

The  armature  of  the  relay  is 
attracted  and  rapidly  takes  back 
with  it  the  reverser  armature  R  to 
its  initial  position.  This  return 
motion  takes  place  so  rapidly  that 
an  ammeter  in  the  relay  circuit  is 
unable  to  follow  quickly  enough 
to  indicate  the  current,  and  no 
irregularities  in  the  speed  of  the  brake  disc  can  be  detected.  During  the 
return  action  the  relay  cir- 
cuit is  placed  in  parallel 
with  the  shunt  coil,  and  in 
this  moment  the  magnetisa- 
tion of  the  needle  is  sub- 
stantially weakened.  This 
effectually  facilitates  the  re- 
turn of  the  reverser  arma- 
ture in  the  main  current 
field. 

When  the  starting  posi- 
tion is  reached,  contact  is 
broken,  and  the  reverser 
armature  is  again  turned 
through  half  a  right  angle 
by  the  main  current  and 
again  impinges  on  the  con- 
tact. This  cycle  of  operations 
is  then  repeated,  and  the 
meter  integrates  continuous- 
ly the  energy  consumption. 
The  armature  is  mechanically 
coupled  to  the  meter  axle  A 
during  the  forward  swing 
by  means  of  a  ratchet  and 
pawl.  S  is  the  ratchet  wheel 
mounted  on  the  meter  spindle 

A,  and   is  provided  with  eight  teeth ;   and  F  is  the  pawl  attached  to  the 
reverser  armature.     Each  time  the  armature  is  returned  to  its  starting-point  it 
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gears  with  the  ratchet  wheel,  and  after  eight  pulsations  the  spindle,  and  with  it 
the  brake  disc  D,  will  complete  one  revolution.  In  the  actual  instrument,  as 
already  pointed  out,  the  shunt  coil  does  not  move,  as  its  weight  would  introduce 
too  much  friction  on  the  lower  jewel.  In  Fig.  71  is  shown  diagrammatically  at 
Z  Z  the  reverser  armature  actually  used.  It  is  a  thin  iron  tube  having  two 
iron  tongues  Z  Z,  arranged  the  one 
above  and  the  other  below  the  station- 
ary shimt  coil  n,  which,  when  energised 
by  the  pressure  current,  polarises  it 
as  a  magnetic  needle,  with  its  mag- 
netisation proportional  to  the  supply 
voltage.  On  its  upper  arm  it  carries 
the  pawl  F,  and  accomplishes  the 
rotation  of  the  spindle  in  the  manner 
explained.  At  each  reversal  the  arma- 
ture of  the  relay  E  drives  the  integrat- 
ing mechanism  through  a  ratchet  wheel  and 
contact  Cj  by  means  of  the  spiral  spring  '  7  ' 


Fig.  72. 


pawl.      Current  is  led  to  the 
(Fig.  71),  w^hich,  in  the  actual 
instrument,  is  situated  above  the  system  near  the  meter  cover,  and  also  serves 
as  a  mechanical  starting  device  to  compensate  for  friction  at  low  loads. 

A  noteworthy  feature  of  the  meter  is  the  ease  with  which  this  light  load 
adjustment  can  be  made  with  the  meter  in  position  and  without  removing  the 

cover.  Fig.  72  is  a  sketch  of  the  arrangement. 
A  lever  '2'  is  pivoted  on  the  meter  cover  '  1,' 
and  can  be  sealed  with  the  sealing  screw  '  3.' 
By  moving  the  lever  on  one  side  the  hole  '  4  '  in 
the  meter  cover  is  exposed  and  gives  access  to 
the  adjusting  screw  '  5,'  which  is  connected  to 
the  spiral  starting  spring  '  7  '  by  means  of  the 
insulating  piece  '  6.'  The  tension  of  the  spring 
is  altered  by  the  adjusting  screw.  If  the  screw 
be  turned  clockwise,  the  spring  will  compensate 
for  the  friction,  and  the  meter  will  start  more 
readily.  If  creeping  should  occur,  turning  the 
screw  counter-clockwise  will  prevent  this  shunt 
running.  Only  a  very  small  motion  is  required, 
the  displacement  of  the  screw-head  through  one 
millimetre  producing  an  alteration  in  the  start- 
ing of  about  1  per  cent. 

The   Peloux   Meter,    manufactured   by  the 
Siemens-Schuckert  Werke,  is  illustrated  in  Fig. 
73.     Four  shunt  and  two  main  current  coils  are 
used,  all  of  which  are  stationary.     The  revolving 
Fig.  73.  armature  consists  of  two  Z-shaped  soft  iron  cores, 

mounted  together  on  the  meter  axle  and  turned 
through  a  right  angle  relatively  to  one  another.  These  iron  cores  are  mag- 
netised in  turn  by  each  of  the  four  shunt  coils.  The  commutator  is 
stationary,  and  is  supported  on  an  insulated  carrier  at  the  top  of  the  meter. 
It  has  a  contact  pin,  and  is  composed  of  four  segments,  each  of  which  is 
connected  to  one  end  of  a  shunt  coil. 

The  brushes  are  mounted  on,  but  insulated  from,  the  armature  spindle 
and  rotate  with  it.     The  one  brush  bears  on  the  commutator  and  the  other  on 
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the  contact  pin.  The  remaining  ends  of  the  shunt  coils  are  connected 
together,  and  their  connnon  junction  is  joined  through  a  suitable  resistance  to 
the  positive  shunt  terminal.  The  negative  shunt  terminal  is  connected  to  the 
contact  pin  of  the  commutator. 

The  electrical  connections  of  the  meter  are  given  diagrammatically  in  Fig. 
74,  from  which  the  arrangement  of  the  shunt  coils  and  the  Z-shaped 
armature  cores  will  be  readily  recognised. 

One  shunt  coil  is  operative  at  one  time  only,  and  when  energised  by  the 
shunt  current-  the  interaction  between  its  magnetic  field  and  that  due  to  the 
main  current  causes  the  armature  to  turn 
through  an  angle  of  90  degrees.  Each 
coil  acting  in  succession  will,  therefore, 
cause  the  armature  to  rotate  continu- 
ously. 

The  work  done  by  the  meter  is  ab- 
sorbed in  the  usual  magnetic  brake.  No 
sparking  occurs  at  the  brushes,  as  each 
shunt  coil  has  a  high  non-inductive  resist- 
ance in  parallel  with  it,  as  shown  in  the 
diagram  (Fig.  74),  in  which  the  extra  cur- 
rent is  dissipated  on  opening  the  circuit  of 
the  shunt  coil. 


Fig.  74. 


Fig.  75. 


These  shunt  coils  are  somewhat  eccentrically  placed  round  the  meter  axle, 
and  this  eccentricity  can  be  altered,  so  as  to  increase  or  decrease  the  auxiliary 
starting  torque  which  this  arrangement  gives.  On  account  of  the  use  of 
iron  a  high  driving  torque  is  obtained,  and  the  shunt  loss  is  correspondingly 
small. 

A  modification  of  the  electrical  connections  of  the  pressure  circuit  and  the 
commutator  is  also  used,  shown  diagrammatically  in  Fig.  75.  With  this 
method  two  sluuit  coils  arc  always  energised  in  series,  by  means  of  which  a 
considerably  increased  driving  torque  is  obtained,  amounting  to  one  and  a  half 
times  that  obtainable  with  the  older  method  just  explained,  and  the  shunt 
losses  are  slightly  smaller. 
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The  Brush-Sangamo  Mercury  Motor  Meter. — The  Sangamo  Electric 
Company,  Springfield,  Illinois,  U.S.A.,  manufacture  a  very  interesting 
mercury  motor  energy  meter,  which  is  being  placed  on  the  market  in  this 
country  by  the  Brush  Electrical  Engineering  Company,  London.  The  chief 
characteristic  features  of  this  meter  are  the  absence  of  a  commutator,  brushes, 
and  permanent  magnets,  the  methods  employed  in  adjusting  the  meter  at  the 
high  and  low  loads,  and  the  impossibility  of  spilling  any  of  the  mercury. 

The  rotating  element  consists  of  a  heavy  copper  disc  immersed  in  a  mercury 
bath  contained  in  an  insulated  chamber,  in  the  lower  half  of  which  are  im- 
bedded the  soft  iron  poles 
of  the  laminated  shunt  mag- 
net. The  shunt  flux  is 
produced  by  two  pressure 
coils  wound  on  the  vertical, 
limbs  of  the  shunt  magnet, 
clearly  shown  at  the  front 
of  the  meter  below  the 
integrating  train  (Fig.  76). 

The  lines  of  force  of  the 
shunt  field  pass  from  one 
pole  to  the  other  throTigh 
a  soft  plate  above  the  disc, 
and  carried  on  the  upper 
side  of  the  disc  chamber; 
in  this  manner  the  field 
cuts  the  copper  disc  twice 
in  opposite  senses.  A  driv- 
ing torque  proportional  to 
the  powder  is  thus  exerted 
on  the  disc  by  the  inter- 
action of  the  shunt  field 
with  the  main  current, 
which  flows  diametrically 
across  the  disc,  and  which 
is  conducted  to  and  from 
the  mercury  bath  by  copper 
contact  ears  imbedded  in 
the  disc  chamber.  These 
contacts  are  connected  by 
milled  -  headed  adjusting 
nuts  to  flexible  leads  carry- 
ing the  main  current.  The 
retarding  torque,  proportional  to  the  speed,  is  produced  by  the  same  shunt 
flux,  and  the  usual  permanent  magnets  are  dispensed  with  for  this  pur- 
pose. It  will  be  seen  that  the  retarding  torque  is  proportional  to  the 
square  of  the  voltage,  so  that  pressure  variations  above  and  below  the  normal 
affect  the  accuracy  of  the  meter.  This  company  supply  a  voltage  regulator 
to  compensate  for  any  voltage  fluctuations.  It  consists  of  a  small  electro- 
magnetic device  at  the  back  of  the  disc  chamber,  and  it  compensates  for  the 
voltage  fluctuations  by  automatically  varying  the  distribution  of  the  main 
load  current  between  the  armature  and  a  shunt  round  the  disc  box. 

The  regulator  is,  however,  not  embodied  in  the  meter,  as  the  Sangamo 


Fig.  76. 
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Electric  C'ompaiiy  have  not  found  it  necessary  to  use  it  on  the  average 
constant-pressure  direct-current  supply  circuits  in  America,  and  these  meters 
are  all  calibrated  at  the  average  normal  voltage  for  which  they  are  to  be  used. 
The  disc  is  mounted  on  a  shaft,  the  revolutions  of  which  are  conveyed  to 
the  integrating  train  in  the  usual  manner.  Owing  to  the  upward  pressure  of 
the  mercury  on  the  disc,  the  shaft  is  slightly  counterweighted.  The  weight 
used  is  less  than  the  upward  thrust  on  the  disc,  so  that  there  is  always  a  slight 
upward  pressure  against  the  flat  jewel  in  the  upper  bearing  of  the  meter. 
This  upper  bearing  is  furnished  with  a  fine  screw  adjustment  to  give  the 
disc  the  requisite  amount  of  lift.  A  series  compensating  coil,  wound  on  the 
bottom  yoke  of  the  shunt  magnet  (Fig.  76),  is  used  to  compensate  for  mercury 
friction  at  the  full  load  speeds. 

The  heavy  load  adjustment  is  made  by  altering  the  position  of  the  milled 
headed  connecting  nuts  on  the  copper  disc  ears  (Fig.  77).  This  alters  the 
distribution  of  the  current  in  two  paths  in  the  disc,  producing  different  torque 
effects. 

A  novel  light  load  or  friction  compensation  is  used.    A  portion  of  the  pressure 

current  is  shunted  through  the  arma- 
ture disc  by  means  of  a  high-resistance 
rod,  which  is  connected  between  the  two 
main  current  terminals  of  the  meter, 
and  on  which  is  a  sliding  connector, 
joined  to  one  end  of  the  pressure  coils 
in  series  with  one  another,  the  other 
end  of  which  goes  to  the  shunt  ter- 
minal below  the  shunt  magnet.  By 
varying  the  position  of  the  slider,  the 
value  of  that  part  of  the  pressure 
current  which  traverses  the  armature 
disc  is  altered,  and  so  the  supplemental 
torque  which  this  current  exerts  with 
the  shunt  field  may  be  adjusted  for 
light  load  friction.  It  will  be  seen 
that  a  very  convenient,  rapid,  and 
accurate  adjustment  is  obtained,  giving  a  range  from  zero  up  to  the  maximum 
torque  produced  by  the  shunt  current  flowing  through  the  disc. 

The  whole  of  the  main  current  in  the  5  and  10  ampere  sizes  flows  through 
the  disc  and  series  compensating  coil.  In  the  large  capacity  meters  a  shunt 
resistance  is  used,  so  that  only  a  definite  proportion  of  the  total  current  tra- 
verses the  disc.  In  a  25  ampere  size,  10  amperes  pass  through  the  disc  at  full 
load  and  the  remainder  through  the  shunting  resistance.  For  currents  ex- 
ceeding 50  to  100  amperes,  the  current  shunt  is  supplied  in  a  separate  cast- 
iron  box. 

At  the  opening  in  the  disc  chamber  through  which  the  spindle  passes  to 
the  upper  bearing  is  a  pocket  which  surrounds  the  opening.  When  the 
meter  is  turned  upside  down  the  mercury  runs  into  this  pocket,  so  that  it  is 
impossible  for  it  to  be  spilled,  and  when  it  is  again  placed  in  the  upright 
position  the  mercury  returns  to  the  disc  chamber.  The  speed  of  the  meter  is 
readily  checked,  as  the  rotation  of  the  armature  is  indicated  by  a  small  hand 
attached  to  the  shaft  (Fig.  77),  above  the  aluminium  cap  on  the  disc  chamber, 
and  can  be  easily  observed  through  a  small  window  in  the  top  of  the  meter 
case. 


Fig.  77. 
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Chamberlain  &  Hookham  Mercury  Motor  Meter. — Messrs  Chamberlain 
&  Hookhaii),  Ltd.,  Birmingham,  also  manufacture  an  energy  motor  meter  of 
the  mercury  type,  the  armature  of  which  is  similar  to  that  used  in  thei     1902 


ampere-hour  meter.  It  consists  of  a  copper  cylinder  immersed  in  a  mercury 
bath,  contained  in  a  chamber  bored  out  of  an  ebonite  block,  in  which  are  im- 
bedded the  two  conducting  strips  by  which  the  current  is  led  to  and  from  the 
mercury.  The  torque  is  produced  by  the  interaction  of  the  magnetic  field  of 
a  shunt  electro-magnet  with  the  main  current  flowing  in  the  armature. 
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The  electro-magnet  consists  of  a  straight  core,  which  is  built  up  of  a  series  j 

of  iron  washers,  with  insulation  between  them.     The  core  carries  the  shunt  1 

energising  coil  and  terminates  in  a  soft  iron  pole-piece,  which  projects  up  in-  = 

side  the  armature  and  supports  the  bottom  pivot  of  the  spindle,  on  which  \ 

latter  is  mounted  an  aluminium  brake  disc.  \ 

The  disc  rotates  between  the  poles  of  a  couple  of  permanent  magnets,  and  \ 

produces  with  them  the  retarding  torque  proportional   to   the   speed.     The  1 

shunt  magnet  has  only  one  pole-piece,  there  being  no  external  pole  outside  i 

the  armature.     The  lines  of  force  return  to  the  magnet  core  through  the  air,  \ 

so  that  the  flux  produced  may  respond  effectively  and  rapidly  to  changes  in  ; 
voltage. 

In  Fig.  78  is  given  an  illustration  of  the  switchboard  type  for  currents 
above  50  amperes,  provided  with  a  separate  shunt. 
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CONTINUOUS  CURRENT  METERS  FOR  SPECIAL  PURPOSES. 
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Section  A. — Battery  Meters. 

The  charge  and  discharge  of  a  storage  battery  are  measured  by  means    of 
ordinary  continuous  current  quantity  or  energy  meters.     Preferably,  quantity 
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meters  reading  in  ampere-hours  should  be  employed,  as  the  principal  feature 
in  connection  with  a  battery  is  its  capacity.  It  is  most  important  to  have  a 
continuous  indication   of   the   actual   condition   of   a   battery,    as   furnished 
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generally  by  its  capacity,  at  once  giving  not  only  the  amount  of  current  avail- 
able for  further  use,  but  for  what  length  of  time  at  a  given  discharge  rate. 
It  is  not  so  necessary  to  know  the  energy  of  the  input  or  the  output. 

Two-meter  Battery  System  with  Ratchet  and  Pawl. — Various  methods 
are  in  vogue  to  effect  these  measurements.  One  very  general  method  is  to  use 
two  ordinary  meters,  permanently  connected  in  series  with  the  battery.  The 
one  meter  registers  the  charge  and  the  other  the  discharge,  each  being  fitted 
with  a  ratchet  and  pawl  attachment  which  allows  the  meter  to  rotate  in  one 
direction  only,  and  prevents  it  from  running  backwards  w^hen  the  current  is 
reversed  in  its  series  circuit.  The  current  flows  oppositely  directed  in  the 
series  circuits  of  the  two  meters,  so  that  with  this  arrangement  one  only  can 
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work  at  a  time,  according  as  the  battery  is  being  charged  or  is  discharging. 
When  energy  meters  are  used  in  this  manner  their  pressure  circuits  are  so 
connected  that  the  currents  flowing  in  them  are  always  in  the  same  direction, 
and  are  not  reversed  with  the  reversal  of  the  current  in  the  main  coils.  This 
method  is  in  use  by  Messrs  Chamberlain  &  Hookham  and  the  British 
Thomson-Houston  Company,  with  their  respective  types  of  meters.  Fig.  79 
gives  diagrammatically  the  connections  of  the  Hookham  meters,  and  those  of 
the  Thomson  meters  are  shown  in  Fig.  80,  The  meters  are  calibrated  to  read 
direct  in  ampere-liours. 

The  Electrical  Company's  Two-meter  Method  for  battery  work  is 
illustrated  diagrammatically  in  Fig.  81. 

The  meters,  it  will  be  seen,  are  permanently  connected  in  series,  but  the 
current  flows  in  their  series  circuits  in  the  same  direction,  and  not  oppositely 
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directed  as  in  the  previous  method.  The  pressure  terminals  of  the  meters 
are  also  difterently  connected  to  the  circuit.  In  addition,  no  pawl  and 
ratcliet  attachments  are  used  on  these  meters,  which  consist  of  this  company's 
ordinary  oscillating  G  type.  This  results  at  once  from  the  principle  of  the 
action  of  the  meter,  described  in  Chapter  V.  The  meter  only  works  when 
the  current  in  the  series  coils  and,  therefore,  their  magnetic  fields  are  in  the 
correct  direction  with  reference  to  that  of  the  shunt  current  and  its  magnetic 
field.  The  explanation  is  quite  simple.  The  moving  coil  consists  of  two  half 
windings,  each  of  which  is  operative  at  one  time  only,  and  in  successive  half 
oscillations.  The  two  windings  are,  moreover,  always  oppositely  polarised 
relatively  to  one  another  by  the  shunt  currents. 

If  we  assume,  for  the  sake  of  illustration,  that  when  traversed  by  the  shunt 
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current  the  left-hand  winding  of  the  swinging  coil  becomes  polarised,  so  that 
its  left-hand  face  acts  as  a  south  pole  and  its  other  face  as  a  north  pole,  then 
the  other  winding,  when  it  is  in  turn  energised  by  the  current,  will  be 
polarised  in  the  reverse  order.  In  this  case,  for  the  meter  to  work,  the  main 
current  must  flow  in  the  two  stationary  coils  in  such  a  direction  that  each 
acts  as  north  pole  in  relation  to  the  swinging  system.  The  swinging  coil  will 
then  oscillate  backwards  and  forwards.  If,  however,  either  the  shunt  or  the 
main  current  be  reversed,  but  not  both  simultaneously,  the  meter  will  not 
work. 

If  we  reverse  the  main  current,  then  each  stationary  coil  now  acts  as  a 
south  pole,  and  the  swinging  system  can  only  move  into  either  one  or  other  of 
the  two  extreme  positions,  when  it  will  stop.  If,  of  course,  it  happens  to  be  in 
one  of  these  limiting  positions,  it  does  not  move  at  all. 
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Hence,  with  two  of  these  meters  arranged  as  shown  in  the  diagram  (Fig.  81), 
one  only  will  register  the  charge  and  the  other  the  discharge,  the  direction  of 
the  current  to  or  from  the  battery  determining  which  meter  will  register,  as 
either  cannot  do  so  imtil  its  magnetic  fields  are  of  the  correct  polarity.  The 
meters  register  either  in  kilowatt-hours  (B.O.T.  units)  or  in  ampere-hours  as 
may  be  required  ;  if  the  latter  be  desired,  the  pressure  circuit  of  each  meter 
is  put  across  a  source  of  constant  or  nearly  constant  E.M.F.,  such  as  the 
lighting  bus-bars,  and  the  meter  is  calibrated  to  read  direct  in  ampere-hours 
at  that  pressure. 

British  Thomson-Houston  Company's  One-meter  Battery  Systems.— 
Another  method  which  is  often  used  is  to  employ  only  one  meter.  If,  how- 
ever, it  be  of  the  energy  type,  and  be  fitted  with  a  friction  compensating 
device,  this  has  to  be  removed.  The  reason  for  removing  the  compensating 
coil  is  that,  if  the  battery  be  discharging,  the  field  set  up  by  the  compound- 
ing coil  would  oppose  that  due  to  the  main  coils,  and  thus  cause  the  meter  to 
register  less  than  it  should.  This  method  is  not  one  to  be  recommended,  as 
the  meter  does  not  read  accurately  at  low  loads ;  in  addition,  as  there  is  only 
one  dial,  if  the  reading  be  not  taken  as  soon  as  the  charge  is  finished,  no 
complete  record  of  the  discharge  can  be  kept.     With  an  ideal  battery  giving 
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an  efficiency  of  100  per  cent,  the  dial  of  the  meter  returns  to  zero  as  the 
battery  discharges,  and  in  any  position  indicates  the  exact  amount  of  energy 
available.  It,  moreover,  points  to  zero  when  the  battery  is  discharged, 
assuming  an  initial  zaro  reading.  A  diagram  showing  the  connections  of  a 
Thomson  meter  in  this  case  is  given  (Fig.  82),  and  the  meter  will  run  in  either 
direction  according  to  the  direction  of  the  current.  A  modification  of  this 
method  is  used  by  the  British  Thomson-Houston  Company,  and  is  also 
illustrated  in  Fig.  83.  The  meter  is  fitted  with  a  compensating  coil  as  usual, 
and  the  arrangement,  as  regards  accuracy,  is  quite  as  satisfactory  as  the  two- 
meter  system,  but  there  exists  the  same  difficulty  in  connection  with  tlie 
readings  of  the  dial.  The  reason  why  a  compensating  coil  can  in  this  case 
be  used  is  that  the  current  is  not  reversed  in  any  part  of  the  meter. 

It  will  be  seen  that  the  meter  revolves  always  in  the  same  direction 
whether  the  battery  is  being  charged  or  is  discharging,  and,  in  consequence, 
the  dial,  instead  of  returning  to  zero,  sums  up  the  various  charges  and 
discharges.  Hence,  as  in  the  previous  case,  it  is  necessary  to  read  the  dial 
before  and  after  each  charge  and  discharge. 

Referring  to  Fig.  83,  it  will  be  seen  that  four  different  combinations  can  be 
obtained.  The  generator  will  feed  the  bus-bars  only  when  the  single-pole 
double-throw  switch  C  is  open  and  the  double-pole  single-throw  switches  A 
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and  B  are  closed.  When  the  generator  is  to  feed  the  batteries  only,  then 
switch  B  is  opened,  A  is  closed,  and  C  must  be  moved  on  to  contact  No.  1. 

When  the  battery  is  discharging  and  the  generator  is  shut  down,  C  is  on 
contact  No.  2,  A  is  open,  and  B  is  closed.  To  run  both  the  battery  and 
generator  in  parallel,  both  A  and  B  must  be  closed,  and  C  is  placed  on 
contact  No.  1  or  No.  2  ;  and  if  on  No.  1,  the  discharge  of  the  battery  will  not 
be  registered  by  the  meter. 

In  all  other  cases  the  current  flows  in  the  meter ;  and  when  the  battery 
and  generator  are  in  parallel  with  the  switch  C  on  contact  No.  2,  the  meter 
will  register  the  combined  output. 

The  Aron  Battery  Meter. — The  Aron  Electricity  Meter,  Limited,  employ 
the  one-meter  system  in  connection  with  their  two  types  of  battery  meters, 
which  are  Dr  Aron's  double  dial  meter  and  the  Miller  reversible  meter.  In 
each  case  the  instrument  is  exactly  the  same  as  the  ordinary  Aron  house- 


+  Bus  Bar 


/^yGen  era  tor 

Fig.  83. 


supply  type  as  regards  the  electrical  and  clockwork  mechanisms.  As  already 
explained  in  a  former  chapter,  the  main  actuating  axle  of  the  counting  train 
revolves  at  a  rate  depending  on  the  difference  in  speed  of  the  two  pendulums, 
and  the  direction  of  rotation  of  this  axle  depends  on  the  electrical  arrange- 
ment of  the  shunt  and  series  systems.  If  the  current  in  either  one  of  these 
be  reversed  in  direction,  the  direction  of  rotation  of  the  main  axle  will  also  be 
reversed,  so  that  the  ordinary  meter  placed  in  a  battery  circuit  will  record 
one  way  during  the  charge,  and  in  the  opposite  during  the  discharge.  The 
records  would  therefore  be  destroyed. 

In  the  double  dial  battery  meter  illustrated  in  Fig.  84  a  system  of  ratchet 
gear  is  inserted  between  the  main  axle  and  two  counting  trains,  any  move- 
ment in  one  direction  actuating  the  one  train,  while  that  in  the  opposite 
drives  the  second  train. 

In  this  manner  the  charge  is  always  read  from  one  set  of  dials  and  the 
discharge  from  the  other  set.  When  the  readings  are  to  be  in  ampere-hours 
the  shunt  circuit  of  these  meters  must  be  always  connected  to  a  constant 
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potential  circuit  which  is  never  reversed  in  direction,  and  their  accuracy 
depends  on  the  constancy  of  voltage  of  the  shunt  circuit.  In  practice,  an 
ordinary  lighting  circuit  well  within  the  Board  of  Trade  limit  serves  the  pur- 
pose very  well.  If,  however,  the  voltage  be  permanently  too  high  or  too  low,  the 
meter  will  run  too  fast  or  too  slow  in  exact  proportion  to  the  voltage  variation. 

In  the  Miller  reversible  meter, 
Fig.  85,  an  ordinary  Aron  instru- 
ment is  used  with  one  large  round 
dial  and  one  pointer  instead  of  a 
series  of  counters.  It  has  no 
ratchet  gear,  and  the  record  made 
in  discharging  is  destroyed  during 
the  charge. 


Fig.  84. 


Fig.  85. 


The  instruments  are  generally  fitted  with  a  relay,  which  automatically 
inserts  a  resistance  in  series  with  the  shunt  circuit,  so  that  the  meter  runs 
more  slowly  on  the  charge  than  on  the  discharge  by  an  amount  correspond- 
ing to  the  difference  between  the  charge  and  discharge  ampere-hours,  so  that, 
when  the  pointer  is  brought  back  to  zero,  it  indicates  that  the  battery  is  fully 
charged.     When  the  battery  is  discharging,  the  pointer  revolves  clockwise. 
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The  Deutsch-Russische  Battery  Meter. — ^The  battery  meter  of  the  Deutsch- 
Russische  Elektricitatszahler-Gesellschaft  is  ilkistrated  in  Fig.  86,  and  is  a 
combination  of  two  of  their  reverser  armature  systems  operated  upon  by  one 
main  current  coil.  Each  armature  system  is  complete  in  itself,  and  is  provided 
with  an  independent  magnetic  brake  and  counter,  the  one  registering  the  charge 
and  the  other  the  discharge.  One  only  of  the  two  systems  is  influenced  at  any 
one  time  by  the  passage  of  a  current  in  the  series  coil,  and  no  mechanical 


Fig.  86. 


coupling  between  them  is  required.  This  follows  at  once  from  the  principle 
of  the  meter,  described  on  page  83. 

The  magnetic  field  produced  by  the  main  current  causes  the  one  reverser 
armature  to  pulsate  during  the  charge  and  to  register,  holding  back  the 
other,  which  is  oppositely  polarised.  When  the  current  is  reversed,  the  first 
armature  will  be  prevented  from  moving,  and  the  other  will  now  be  made  to 
pulsate  and  register  the  discharge. 

The  O'K.  Battery  Meter.  —  The  Compagnie  pour  la  Fabrication  des 
Compteurs,  Paris,  slightly  modify  their  O'K.  ampere-hour  meters  when 
intended  to  measure  the  charge  and  discharge  of  a  battery  of  accumulators. 

.  7 
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Only  one  meter  is  used.  The  small  electric  motor  of  this  meter,  as  already- 
explained  on  page  43  in  Chapter  III.,  is  connected  as  a  shunt  to  a  resistance 
which  carries  the  whole  current  to  be  measured,  and  which  is  mounted  on 
the  base-plate  of  the  meter  itself.  In  this  case,  however,  the  resistance 
forms  a  separate  piece  of  apparatus  and  is  furnished  with  a  sliding  contact. 
It  is  specially  designed  to  produce  a  maximum  difference  of  potential  of 
about  "25  volt.  The  arrangement  adopted  is  shown  in  Fig.  87.  The  terminals 
E  and  F  of  this  resistance  are  connected  to  those  of 
the  meter  marked  R  and  T.  The  armature  of  the 
latter  will  rotate  from  right  to  left  when  the  cells 
are  being  charged,  and  in  this  case  the  current  only 
partially  traverses  the  resistance,  going  along  the 
path  from  C  to  B.  When  the  cells  are  discharging, 
the  direction  of  rotation  of  the  meter  will  be  reversed, 
and  the  current  will  flow  through  the  whole  resistance 
from  B  to  A.  The  meter,  in  addition  to  the  ordinary 
set  of  dials,  has  a  large  dial  graduated  in  ampere- 
hours.  When  the  cells  are  charging,  the  pointers  of 
the  small  dials  do  not  move ;  the  pointer  of  the  large 
dial,  however,  turns  counter-clockwise  and  indicates  in 
ampere-hours  the  quantity  of  electricity  put  into  the 
cells,  reduced  in  the  ratio  of  the  efficiency  of  the  battery. 
On  discharging,  this  pointer  revolves  back,  giving 
at  every  instant  the  available  capacity  of  the  cells ; 
and  the  amounts  of  the  discharge  are  continuously 
integrated  on  the  small  dials,  the  pointers  of  which 
are  now  free  to  move. 


Fig.  87' 

By  means  of  the  sliding  contact  C,  the  ratio  of  the  resistances  of  the  two 
branches  B  C  and  B  A  can  be  adjusted  until  it  is  equal  to  the  ampere-hour 
efficiency  of  the  battery.  When  this  condition  is  fulfilled,  the  large  pointer 
always  indicates  the  quantity  of  electricity  which  can  be  taken  out  of  the 
battery. 

This  system  can  be  advantageously  used  with  electric  automobiles ;  and 
the  counting  train  can  be  arranged  with  a  contact  system  operating  a  relay 
circuit,  which  will  automatically  interrupt  the  charging  current  when  the 
battery  is  fully  charged. 
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These  battery  meters  are  made  in  three  sizes  for  charging  capacities  of 
100,  200,  and  400  ampere-hours. 

In  each  case  the  large  dial  is  divided  into  100  parts,  each  division  of  which 
corresponds  to  one,  two,  or  four  ampere-hours,  according  to  the  capacity  of  the 
meter.  Similarly,  each  unit  on  the  first  of  the  small  dials  reads  ten,  twenty, 
or  forty  ampere-hours.  An  exactly  similar  arrangement  is  adopted  by  the 
Danubia  Actiengesellschaft  also  with  their  O'K.  meters. 

The  Siemens-Schuckert  Battery  Meters  consist  of  the  company's  ordinary 
continuous  current  types,  each  of  which  is  fitted  with  two  separate  counters 
and  a  change-over  device.  The  one  counter  registers  the  charge  and  the 
other  the  discharge,  and  a  small  index  on  the 
dial  face  indicates  the  one  which  is  working, 
and  whether  the  battery  be  supplying  or  receiv- 
ing current. 

The  connection  between  either  counter  and 
the  meter  spindle  is  made  by  a  movable  lever, 
on  the  one  end  of  which  is  mounted  a  worm 
and  on  the  other  a  w^orm  wheel,  which  gears 
with  the  worm  on  the  meter  spindle.  According 
to  the  direction  of  rotation  of  the  meter,  in  one 
direction  on  the  charge  and  in  the  opposite 
direction  on  the  discharge,  the  worm  wheel 
causes  the  lever  to  move  upwards  or  down- 
wards and  the  worm  to  gear  with  a  correspond- 
ing wheel  of  the  respective  counting  train,  thus 
bringing  the  latter  into  action.  Fig.  88  is  an 
illustration  of  the  Peloux  meter  manufactured 
by  this  company,  and  fitted  with  two  counters 
and  a  change-over  arrangement  for  battery  pur- 
poses. The  meter  is  also  shown  with  a  special 
set  of  test  terminals. 

Section  B. — Switchboard  Meters. 

For  the  measurement  of  the  output  of  direct 
current  lighting,  power,  and  traction  systems, 
special  switchboard  instruments  are  used.  They 
retain  the  principles  common  to  their  respective 
types,  but  are  variously  modified  to  comply  with 
the  severe  conditions  of  heavy  and  fluctuating 
loads  obtaining  in  central  stations  in  general.  Precautions  have  also  to  be 
adopted  to  shield  the  meter  from  the  influence  of  the  magnetic  fields  set  up 
by  neighbouring  bus-bars  or  heavy-current  cables. 

Hookham  type. — Two  methods  are  in  vogue.  In  the  one  the  meter  is 
supplied  with  a  high-capacity  slnnit  traversed  by  the  whole  current,  and 
potential  leads  connect  the  current  circuit  of  the  meter  to  the  terminals  of 
the  low-resistance  shunt,  so  that  the  current  flowing  in  the  meter  is  always  a 
determinate  fraction  of  the  main  current  in  the  bus-bars  or  feeder  circuit. 
This  method  is,  however,  mainly  restricted  to  quantity  meters.  An  illustra- 
tion of  the  Hookham  ampere-hour  meter  for  2000  amperes,  with  its  shunt,  is 
shown  in  Fig.  89,  and  may  be  taken  as  typical  of  this  class  of  heavy-current 
shunted  meters.     The  current  in  the  meters  is  in  this  case  about  50  amperes. 


Fig. 
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For  switchboard  work,  the  meter  is  separated  from  its  shunt,  and  the  latter  is 
mounted  on  the  back  of  the  board,  while  the  meter  is  fixed  on  the  front. 

Thomson  Switchboard  Meters. — In  the  other  method,  a  construction  is 
adopted  in  which  the  whole  current  passes  through  the  meter  itself.  In  this 
manner  any  errors  due  to  the  use  of  a  high-capacity  shunt  are  eliminated. 
In  the  Thomson  meters  the  entire  current  flows  through  the  field  coils,  which, 
for  heavy  currents  exceeding  1500  amperes,  consist  of  a  single  heavy  bus-bar 
of  forged  or  cast  copper  of  high  conductivity.     It  will  be  remembered  that  in 


Fig. 


the  ordinary  Thomson  meter  one  armature  connected  to  the  pressure  circuit 
is  used.  In  this  case,  however,  two  armatures  connected  together  in  series  are 
employed,  and  are  oppositely  wound.  They  are  arranged  astatically,  the  one 
above  and  the  other  below  the  bus-bar  of  the  meter,  so  that  they  are  cut  in 
opposite  senses  by  the  magnetic  field  produced  by  the  current  in  the  bus-bar, 
and  both,  therefore,  tend  to  rotate  in  the  same  direction, 

The  damping  magnets  are  enclosed  in  a  cast-iron  box.     This  construction 
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ensures  practical  freedom  from  stray  fields  and  bus-bar  eifects.  The  entire 
meter  is  supported  upon  the  switchboard  by  two  studs,  which  form  at  once  the 
electrical  connections  and  the  mechanical  support. 

The  astatic  switchboard  types  for  heavy  currents  of  the  British  Thomson- 
Houston  Company,  Rugby,  and  the  General  Electric  Company,  U.S.A.,  are 
respectively  illustrated  in  Fig.  90  and  Fig.  91.  Noteworthy  differences  exist 
between  them,  mainly  in  the  construction  of  the  armature  and  compounding 
coil,  and  in  the  number  of  coils  used.     In  the  meter  of  the  British  Thomson- 


FiG.  90. 


Houston  Company,  not  only  are  two  armatures  used,  but  each  has  its  own 
commutator  and  a  stationary  core  composed  of  iron  washers ;  further,  the 
armatures,  each  consisting  of  two  coils,  are  in  planes  at  right  angles  to  one 
another.  The  compensating  coil  consists  of  a  few  turns  of  fine  insulated 
copper  wire  acting  on  the  upper  armature,  as  shown  in  the  illustration.  Fig.  90. 
This  type  of  compensating  coil  is,  however,  only  used  in  meters  intended  for 
extra  heavy  currents  and  furnished  with  the  square  copper  studs. 

The  meter  of  the  General  Electric  Company,  U.S.A.,  has  only  one  com- 
mutator, and  the  two  armatures  do  not  materially  differ  from  the  ordinary 
drum- wound   type;   they   are  oppositely  wound  and  contain  no  iron.     Two 
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compensating  coils  are  used,   and   are   clearly   shown    in   front   of   the   two 
armatures  in  the  view  given  in  Fig.  91. 

In  the  switchboard  meters  of  the  British  Thomson-Houston  Company  for 
capacities  from  600-1200  amperes,  the  two  armatures  are  exactly  as  in  the 
larger  sizes  ;  the  magnets  are  also  encased  in  a  shielding  boK,  but  two  field  coils 
are  used  and  a  different  form  of  compounding  coil.  An  illustration  of  their 
800  ampere  size  is  given  in  fig.  92,  from  which  the  general  arrangement  will 
be  readily  gathered. 

The  field  coils  consist  practically  of  four  parallel  horizontal  copper  bars ; 
the  two  outside  bars  are  connected  to  the  left-hand  stud  and  the  two  central 
bars  to  the  right-hand  stud.  The  free  end  of  each  horizontal  bar  is  connected 
to  a  vertical  bar,  and  the  vertical  bars  are  all  united  at  the  top  by  means  of  a 

horizontal  hood.  The  main  cur- 
rent, in  passing  from  one  stud  to 
the  other,  splits  up  into  two 
halves,  and  each  half  traverses 
two  horizontal  bars,  the  current  in 
all  the  horizontal  bars  flowing 
in  the  same  direction.  In  this 
manner  the  effect  is  the  same  as 
two  complete  turns,  each  traversed 
by  the  whole  current,  and  in  the 
particular  meter  illustrated  is 
equivalent  to  1600  ampere-turns. 
The  field  coils  are  not  actually 
made  up  of  separate  bars  (merely 
given  to  illustrate  the  effect),  but 
consist  of  a  single  copper  casting 
or  forging  of  special  construction 
to  give  this  effect.  The  two  arma- 
tures are  arranged  astatically  above 
and  below  the  horizontal  bars,  and 
the  hood  portion  produces  very 
little,  if  any,  eftect  on  them.  The 
compensating  device  is  placed  at 
the  back  of  the  field  coils,  and  is 
a  vertical  coil  of  fine  insulated 
copper  wire  in  the  armature  circuit.  The  coil  is  wound  on  an  iron  core,  made 
in  two  halves.  The  two  halves  can  be  screwed  apart  to  increase  or  decrease 
the  air-gap  between  them.  This  action  alters  the  magnetic  reluctance  of  the 
coil,  and  so  regulates  the  supplemental  torque  it  exerts  on  the  armatures. 
With  this  design  of  the  field  coils  and  the  use  of  iron  in  the  armatures  all 
their  switchboard  meters  can  be  arranged  as  astatic  meters  for  currents  as  low 
as  600  amperes. 

In  Fig.  93  is  shown  diagrammatically  a  Thomson  three- wire  svvitch})oard 
meter  for  600  amperes  made  by  this  company.  In  this  type  the  field  coils 
consist  of  two  bus-bars ;  the  one  is  placed  in  the  positive  outer  and  the  other 
in  the  negative  outer  of  the  system,  and  they  are  so  connected  that  the 
currents  in  them  flow  in  the  same  direction.  Two  armatures,  with  two 
commutators  astatically  arranged,  are  used,  as  in  the  other  types,  and  the 
pressure  circuit  of  the  meter  is  connected  direct  across  the  three-wire  network 
as  shown. 


Fl  :.  91, 
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The  Aron  Switchboard  Meter  presents  no  new  features  over  the  ordinary 
instrument  beyond  the  alteration  of  the  main  current  coils,  which  for  heavy 
currents  are  replaced  by  a  single  bus-bar,  and  this  type  of  coil  is  used  in  all 
instruments  for  currents  exceeding  300  amperes.  The  bus-bar  has  transverse 
slots  in  it,  running  from  opposite  sides,  so  that  the  current  flowing  in  it 
circulates  clockwise  round  one  slot  and  counter-clockwise  round  the  other,  in 


Fig.  92. 


order  to  obtain  the  necessary  reversed  fields  to  operate  the  potential  coils  of 
the  pendulums.  This  is  clearly  shown  in  Fig.  94,  which  represents  a  line 
drawing  of  the  type  of  heavy  current  bus-bar  used  by  the  Aron  Electricity 
Meter,  Limited.  The  pendulums  oscillate  in  the  usual  manner  above  the 
bus-bar,  and  are  symmetrically  suspended  above  the  two  holes  in  the  same. 

The  Electrical  Company's  Switchboard  Meter. — The  modifications 
introduced  by  the  Electrical  Company  into  their  oscillating  meter  are  easily 
recognisable  from  the  illustration  of  their  switchboard  and  traction  type  given 
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in  Fig.  95.  The  counting  mechanism,  peculiar  to  this  meter,  is  constructed 
as  a  separate  instrument,  and  can  be  mounted  direct  on  the  switchboard, 
while  the  meter  itself  is  placed  at  some  convenient  point  in  the  main  circuit. 
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Fig. 


The   two  parts  are   placed  in   electrical  connection   with  one  another   by  a 
flexible  cable  consisting  of  five  wires  of  small  diameter.     A  considerable  saving 

of  space  may  hereby  be  effected 
on  the  switchboard,  a  consideration 
of  some  importance.  The  main 
current  coils  are  now  made  of  a 
single  massive  copper  casting,  or 
of  two  castings,  forming  in  either 
case  two  half  turns  in  opposite 
directions. 

The  armature  consists  of  two 
shunt  coils  interconnected,  and  each 
coil  oscillates  in  the  field  of  one  of 
the  half  turns.  The  construction 
renders  the  meter  astatic  and  in- 
dependent of  external  magnetic 
influences. 

The  Siemens  -  Schuckert 
Switchboard  Meter.  —  For  large 
currents  and  switchboards  the 
Siemens-Schuckert  Werke  use  their 
GW  type  of  direct  current  meter, 
illustrated  in  Fig.  96.  The  general  arrangement  of  the  constituent 
parts  of  the  meter  will  be  easily  followed  from  the  illustration,  which 
also  clearly  shows  the  method  of  supporting  the  adjustable  compensating 
coil.     This  company,  in  addition  to  the  above  type,  also  supply  for  switch- 
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board  use  their  direct  current  ampere-hour  and  watt-hour  meters,  based  on 


Fig.  9&. 


The  meter    is    simply    either  an 


the  principle  of  intermittent  registration, 
ammeter  or  wattmeter,  combined 
with  an  electrically  driven  clock 
mechanism,  which  actuates  at 
intervals  of  about  3|  seconds  an 
integrating  counter. 

In  the  ampere-hour  meter 
the  ammeter  proper  is  of  the 
moving-coil  permanent-magnet 
type,  and  in  the  watt-hour  meter 
the  field  is  produced  by  an 
electro-magnet  energised  by  the 
pressure  current.  In  the  latter 
type  the  clock  mechanism  mo- 
mentarily causes  a  contact  to 
short-circuit  the  coils  of  the 
electro-magnet  just  before  the 
counting  train  is  actuated.  In 
this  manner  the  reading  regis- 
tered always  corresponds  to  a 
point  on  the  rising  part  of  the 
magnetisation  curve  of  the  iron,  and  errors  due  to  hysteresis  are  elimhiated. 
These    errors  would  otherwise  result  from  the  readings  being  taken  at  one 


Fig.  96. 


106 


ELECTRICITY   METERS. 


Fig,  97. 


time  on  a  rising  and  at  another   time  on  a   falling  voltage.     The  meter  is 

provided  with  a  scale  and 
pointer  in  addition  to  the 
dials,  which  register  in 
the  usual  manner  the 
units  consumed.  The 
scale  is  graduated  in  am- 
peres or  watts  according 
as  the  instrument  is  con- 
structed as  an  ampere- 
hour  or  watt-hour  meter. 
The  clock  mechanism 
(Fig.  97)  consists  of  a 
heavy  balance  wheel  R, 
which  receives  periodic 
impulses  from  the  electro- 
magnet M  energised  by 
the  pressure  current. 
The  counting  train  is 
worked  by  a  disc  Z  hav- 
ing a  serrated  edge,  over 
which  a  small  spring  is 
continually  moved  to  and 
fro  by  the  balance  wheel. 
When  the  spring  is  mov- 
ing in  one  direction  it  does  not  touch  the  disc,  but  on  its  return  swing  meets 

a   projection  on  the  pointer  of  the 

ammeter  or  wattmeter,  which  causes 

it  to  engage  with  and  turn  the  disc 

through  an  angle   corresponding  to 

the    deflection  of   the  pointer.      At 

the  same  time  the  pointer  is  carried 

back  to  zero,  in  which  position  it  is 

disengaged   from   the    disc    and    is 

again  free  to  move,  when  the  disc 

also  remains  stationary. 

These  operations  are  repeated  at 

every  swing  of  the  balance  wheel,  so 

that  every  3|  seconds  the  deflections 

corresponding    to    the    amperes    or 

watts  are  integrated  by  the  counter. 

The    motion    of   the   pointer    is    an 

indication  of  the  correct  working  of 

the  clock.     The  instrument  is  used 

with    an   ordinary  ammeter   shunt, 

so  that  it  is  unnecessary  to  provide 

a  special  shunt  if  one  of  the  correct 

capacity   should    already    exist    on 

the   board.      It  must,  of  course,  be 

is  connected. 


Fig.  98. 


calibrated  with  the  shunt  to  which  it 
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Section  C. — Tram-car  Meters. 

General. — For  tram-car  work,  meters  have  also  to  be  specially  constructed 
to  meet  the  arduous  conditions  imposed  by  this  class  of  service.  The  difficulties 
incident  to  making  a  reliable  and  accurate  meter  for  permanent  installation 
on  tram-cars  are  mainly  of  a  mechanical  nature.  At  the  same  time  the 
electrical  requirements  are  not  easy  to  fulfil,  as  the  meter  must  be  capable  of 
withstanding  not  only  overloads  greatly  in  excess  of  its  normal  capacity  for 
brief  periods,  but  also  an  overload  of  at  least  25  per  cent,  almost  indefinitely. 

The  function  of  the 
tramway  meter  is  not 
only  to  register  the 
amount  of  energy  con- 
sumed per  car,  but  also 
to  act  as  a  check  on 
the  handling  of  the  car 
on  the  part  of  the  motor 
man,  and  to  give  an 
indication  of  the  con- 
dition of  the  electrical 
equipment.  The  care- 
less manipulation  of 
the  controller  and  brake 
is  a  matter  of  serious 
importance,  resulting 
in  a  considerable  loss 
of  energy. 

By  properly  record- 
ing the  actual  energy 
taken  by  the  cars  and 
keeping  records  of  the 
motor  men,  a  saving 
amounting  from  10  to 
20  per  cent,  of  the 
total  used  can  be 
effected.  Taking  a 
very  conservative  esti- 
mate of  the  saving,  the 
car  capacity  of  a  trac- 
tion system  could  be 
increased  by  about  10 

per  cent,  with  the  same  energy  output  from  the  station,  and  the  company's 
receipts  increased  in  direct  proportion  to  the  energy  saved.  Of  course,  the 
actual  amount  saved  depends  on  the  physical  character  of  the  track.  A  level 
track  will  not  require  the  same  skill  and  management  as  one  with  several 
grades  and  curves. 

Thomson  Tram-car  Meter. — Fig.  98  is  a  view  of  the  Thomson  meter 
specially  designed  for  tram-car  work.  It  differs  in  many  essential  details  from 
the  standard  Tliomson  pattern.  A  soft  iron  armature  core  and  laminated  iron 
fields  are  used.  The  armature  core  is  stationary,  and  only  the  winding 
revolves.  This  arrangement  gives  a  high  torque  with  a  light  moving  element, 
and  reduces  the  weight  on  the  footstep  bearing,  which  for  this  work  consists 


Fig. 


108 


ELECTRICITY    METERS. 


of  a  spring-seated  diamond  jewel.  The  meter  is  thus  enabled  to  more  readily 
withstand  the  severe  vibrations  and  jars  to  which  it  is  subjected.  The 
resistance  of  the  armature  winding  is  about  30  ohms,  and  has  a  high  resistance 
of  10,000  ohms,  in  series  with  it.  This  gives  a  drop  of  about  1*5  volts  across 
the  brushes,  so  that  the  liability  to  spark  is  considerably  reduced. 

The  brake  system  is  completely  enclosed  in  the  cast-iron  box  at  the  bottom 
of  the  meter  case,  and  is  effectively  shielded  from  the  effects  of  the  varying 
currents  in  the  motor. 

For   tramway  purposes   the  Bastian  Meter  Company  use  their   ordinary 

electrolytic  meter,  enclosed  in  a  special  case 
fitted  with  a  cast-iron  top,  by  which  it  is 
screwed  to  the  canopy  of  the  car. 

Deutsch-Kussische  Tram-car  Meter. — 
The  Deutsch-Russische  Elektricitatszahler- 
Gesellschaft  employ  their  ordinary  meter, 
suspended  by  springs  in  the  manner  illus- 
trated in  Fig.  99.  The  meter  is  fixed  on  a 
horizontal  carrier  which  rests  on  four  sup- 
porting springs.  Vibration  in  a  vertical 
plane  due  to  shocks  and  jars  is  prevented 
by  four  vertical  damping  springs,  and  any 
lateral  vibration  is  taken  up  by  flat  spiral  > 
springs  let  in  the  holes  for  fixing  the  carrier. 
Aron  Tram-car  Meter. — The  modification 
introduced  into  the  Aron  meter  for  use  on 
tram-cars  will  be  seen  from  the  illustration 
given  in  Fig.  100.  The  differential  clock 
is  regulated  by  means  of  balances  instead 
of  pendulums.  The  one  balance  B  is  con- 
trolled by  its  hairspring  only,  while  the 
other  one  A  carries  the  pressure  coils  and 
is  electro-magnetically  acted  upon  by  the 
pressure  current  and  the  main  current  in 
the  stationary  coils.  These  are  placed  with 
their  axes  horizontal,  so  that  the  pressure  coils  attached  to  the  second  balance 
spindle  may  oscillate  between  them. 

To  eliminate  all  possibility  of  creeping,  due  to  vibration  or  any  other 
cause,  an  auxiliary  shunt  coil  C  is  used,  the  action  of  which  is  to  tend  to  drive 
the  meter  backwards.  It  is  fixed  within  the  left-hand  main  coil.  Any  back- 
ward motion  is,  however,  prevented  by  a  pawl  on  the  first  counting  wheel. 

When  no  current  flows  in  the  main  coils  the  balances  beat  in  synchronism, 
•but  as  soon  as  current  is  taken,  the  rate  of  oscillation  of  the  balance  with  the 
pressure  coils  is  changed,  and  the  difference  in  speed  of  the  two  balances, 
which  is  proportional  to  the  power,  is  integrated  by  the  clock  train  and 
registered  on  the  dials  in  B.O.T.  units.     The  meter  is  suspended  on  springs. 


Fig.  100. 


CHAPTER  VII. 

GENERAL  PEINCIPLES  OF  SINGLE-PHASE  AND  POLYPHASE 
INDUCTION  METERS. 

Single-phase  Alternating  Current  Power  and  Energy — Rotatory  Magnetic  Field — Rotating 
Vectors  —  LaAV  of  the  Induction  Meter  —  Inductive  and  Non-inductive  Loads — 
Behaviour  of  Three-wire  Single-phase  Induction  Meters — Measurement  of  Polyphase 
Power  —  Equations  of  Power  for  a  Three-phase  Three-wire  Star  System  —  Equations 
of  Power  for  a  Three-phase  Three-wire  Delta  System — Two -Wattmeter  Method  of 
Measuring  Polyphase  Power — Two-phase  System — Equations  of  Power  for  a  Three- 
phase  System  with  Four  Conductors  —  Comparison  of  Equations  for  Three-phase 
Systems  with  Three  and  with  Four  Conductors. 

Single-phase  Alternating  Current  Power  and  Energy. — In  an  alternating 
current  circuit  both  the  current  and  the  voltage  are  changing  in  sense  and 
magnitude  from  instant  to  instant  in  a  periodic  manner,  and  are  generally 
sine  functions  of  the  time.  If  c  and  v  denote  the  instantaneous  values  of 
the  current  and  voltage,  Cq  and  Vq  representing  their  maximum  values 
respectively,  n  be  the  frequency  of  the  alternating  current  or  voltage,  and 
<^  be  the  angle  of  phase  difference  between  the  current  and  the  pressure,  then 

v  =  Yq  sin  pt , 

c  =  Cq  sin  (pt  ±  0), 

where  p  =  27rn. 

The  instantaneous  value  of  the  power  is  c.v,  and  the  mean  power  P  during 
the  whole  periodic  time  T  of  one  cycle  is  given  by  the  equation 

T 

P  =  — -     c.v.dt  =  -^-VqCq  I  aiii pt  sin  {pt  ±  <f>)dt . 


0 


If  Tj  and  T2  denote  the  commencement  and  termination  of  the  interval  during 
wdiich  electrical  energy  has  been  taken,  then  its  amount  is  given  by  the  equation 

E=  I  ^.-5l  con  <l>dt 
'I'l 

=  (y.C  cos  <t>dt,  * 

Ti 
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where  V  and  C  are  the  pressure  in  volts  and  the  CTirrent  in  amperes,  as  given 
by  an  alternating  current  voltmeter  and  ammeter. 

An  alternating  current  meter  performs  the  operation  expressed  on  the 
right-hand  side  of  this  equation. 

Rotatory  Magnetic  Field. — Induction  meters  are  used  at  the  present  day 
for  this  purpose,  and  are  based  on  the  rotatory  magnetic  field,  the  principles 
of  which  were  first  clearly  enimciated  by  Professor  Galileo  Ferraris,*  who  com- 
municated the  results  of  his  researches  and  experiments  on  March  the  18th, 
1888,  in  an  address  to  the  Royal  Academy  of  Sciences  of  Turin.  His 
experiments  were,  however,  conducted  in  1885. 

Referring  to  fig.  101,  if  the  vectors  OP  and  OQ  represent  at  a  particular 
.^  moment  the  instantaneous    values    of   two 

forces  acting  at  a  point  0  in  two  fixed 
directions  0  X  and  0  Y  in  space,  then  0  R 
will  represent  the  instantaneous  value  of 
their  resultant  at  the  same  moment.  The 
magnitude  and  direction  of  the  resultant 
will  depend  on  the  magnitudes  and  direc- 
tions of  each  of  the  two  components,  which 

iii3ij  vary    in   any    manner  whatever,  and 

p  P  "      the  end  of   the  vector  0  R  will  trace  out 

some  curve,  the  shape  of   which   depends 
Fig.  101.  on   the   law    of  change   of  the  two  forces. 

When  these  vectors  represent  alternating 
sinusoidal  stationary  magnetic  fields  of  the  same  frequency,  their  resultant 
will  represent  a  magnetic  field  which,  in  general,  will  vary  both  in  intensity 
and  direction,  and  the  end  of  the  vector  0  R  will  move  along  a  close  curve, 
usually  an  ellipse,  i.e.  the  resultant  vector  0  R  rotates  round  0. 

Denoting  the  instantaneous  values  of  the  two  alternating  magnetic  fields 
by  p  and  q,  their  maximum  values  by  P  and  Q  respectively,  and  if  n  be  the 
frequency  and  0  the  phase  displacement  between  them,  then 

p  =  V  sin  27rnt , 
and  g^  =  Q  sin  {27rnt  -  <f>). 

Eliminating  t  between  these  two  equations  gives,  in  general,  the  equation  to 
an  ellipse.  It  therefore  follows  that  when  two  alternating  magnetic  fields, 
differing  in  phase,  but  of  the  same  frequency,  act  at  a  point  along  two 
different  directions,  a  rotatory  magnetic  field  results,  and  in  general  an 
elliptically  rotating  field.  If  these  two  fields  do  not  differ  in  phase,  it  is  easy 
to  show  that  a  rotating  magnetic  field  is  not  obtained,  but  a  stationary 
alternating  magnetic  flux  of  the  same  character  as  the  two  components.  In 
this  case 

/?  =  P  sin  2'7r7it . 

q  =  Q,  sin  27rnt . 

P 

i.e.  the  locus  of  the  resultant  is  a  fixed  straight  line. 

When  the  two  component  fields  act  at  a  point  at  right  angles  to  one 
another,  have  the  same  amplitude,  and  differ  in  phase  by  a  quarter  period, 
the   resultant   magnetic   field    will   be   of    constant   value,    and    will   rotate 

*  Atti  delta  R.  Academia  delle  Scienze  di  ToHno,  xxiii,  p.  360,  1888. 
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uniformly  in  a  circle  round  this  point.     The  resultant  field  is  then  called  a 
uniformly  rotating  magnetic  field.*     This  can  be  readily  shown  as  follows : — 

^  =  P  sin  ^TTTit . 

(^  =  Q  sin  {2irni  -  ^). 

In  this  case  P  =  Q      and     ^  =  -^ . 

p  =  V  sin  ^irnt , 
q=  -  P  cos  'liriit 

i.e.  the  locus  of  the  point  R  is  a  circle. 

Rotating  Vectors. — As  shown  by  Professor  Ferraris,!  n,  stationary  alternat- 
ing vector,  which  is  a  sine  function  of  the  time,  may  be  replaced  by  two  equal 
and  oppositely  rotating  vectors,  each  of  which  is  half  the  amplitude  of  the 
fixed  vector,  and  revolves  with  an  angular  velocity  dependent  on  the 
frequency. 

If  OA  (Fig.  102)  represent  the  amplitude  of  the  stationary  alternating 
vector  (maximum  value  of  an  alternating  magnetic  field),  then  OA  can  be 
replaced  by  the  rotating  vectors  0  B  and  0  C, 
each  of  which  is  equal  to  one-half  of  0  A.  The 
two  vectors  rotate  round  0  in  opposite  senses 
with  the  same  frequency,  and  AOB  =  AOC  =  a. 
represents  the  angular  value  of  the  phase  of 
either  rotatmg  vector  relatively  to  0  A  at  the 
particular  moment.     The  sum  of  their  projec-  Fig. 

tions    on   the   fixed  direction  OA  will  alw^ays 
give  the  instantaneous  value  of  the  alternating  vector  0  A.     In  the  position 
shown  this  value  is  0  A',  and  0  A'  =  0  A  cos  a. 

Law  of  the  Induction  Meter. — In  an  induction  meter  two  stationary 
alternating  magnetic  fields  are  used  to  produce  the  driving  torque  on  the 
revolving  element,  and  are  created  by  two  alternating  currents,  differing  in 
phase  and  amplitude,  but  of  the  same  frequency.  In  a  manner  similar  to  the 
above,  each  of  these  fields  can  be  decomposed  into  two  oppositely  rotating 
magnetic  fields,  giving  rise  to  four  altogether.  By  suitably  combining  the 
fields  which  rotate  in  the  same  sense,  the  two  stationary  alternating  magnetic 
fluxes  can  be  replaced  by  two  oppositely  rotating  magnetic  fields.  This 
method  X  can  be  used  to  demonstrate  the  law  of  the  induction  meter.  When 
a  rotating  magnetic  flux  cuts  a  conductor  at  right  angles,  it  induces  in  it  eddy 
currents  as  it  progressively  revolves  from  point  to  point.  If  the  conductor 
be  pivoted,  it  will  rotate  under  the  interaction  of  the  magnetic  field  and 
the  eddies  so  induced,  and  in  the  same  direction  as  the  field,  but  with  a 
smaller  angular  velocity.  The  torque  exerted  on  the  conductor  is  at  any 
moment  proportional  to  the  product  of  the  intensity  of  the  magnetic  flux  and 
the  strength  of  the  eddy  currents,  which  vary  as  the  intensity  of  the  magnetic 
flux  and  the  angular  velocity  of  the  field  relatively  to  the  conductor.     It, 

*  See  Marcel  Deprez,  Comptes  Rendus,  ii.  1193,  1883. 

t  G.  Ferraris,  "  Vettori  Rotanti,"  Mem.  Reale  Accad.  de  Sci.  Torino,  serie  ii.,  tomo  xliv., 
Dec.  3,  1893.  English  Translation,  ' '  A  Method  for  the  Treatment  of  Rotating  or  Alternating 
Vectors,"  Electrician,  xxxiii.,  1894. 

X  The  method  used  is  based  on  the  excellent  article  on  motor  meters  by  Dr  Theodor 
Briiger,  "Uber  Motorzahler,"  Eleldrotechnische  Zeitschrift,  Heft  43,  1895. 
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therefore,  follows  that  the  torque  varies  as  the  square  of  the  intensity  of  the 

magnetic  field  multiplied  by  the  relative  velocity  of  the  field  to  the  conductor. 

In  Fig.  103,  0  A  and  0  B  represent 
the  maximum  values  of  the  two  alter- 
nating magnetic  fluxes  in  an  induction 
meter,  acting  at  right  angles  to  one 
another  and  to  the  revolving  cylinder  or 
disc.  OB  can  be  decomposed  into  the 
two  equal  but  oppositely  rotating  com- 
ponents OBj  and  OBg,  each  equal  to 
JOB,  the  angle  B 0 B^  or  B 0 B2  repre- 
senting the  angular  value  of  the  phase 
<f>^  of  either  component.  Similarly,  OA 
-is  replaced  by  OAj  and  OAg,  and  the 
angle  of  phase  is  <{:  A  0  Aj  =  <(;  AO  Ag  =  <^2  • 
Combining  0  Bj  and  0  A^ ,  which  rotate 
in  the  same  direction,  and  also  0  B2  and 
0  Ag ,  the  two  stationary  magnetic  fields 
are  replaced  by  the  two  resultant  rotat- 
ing fluxes  0  Rj  and  0  Rg .  These  two 
resultant  fields  rotate  round  0  in  opposite 
senses,  but  with  the  same  angular  velocity 

dependent  on  the  frequency  of  the  alternating  current,  and  they  also  differ 

in  magnitude. 


Fig.  103. 


Now 
Also 


0Ri2  =  0Bi2  +  B^RjS  -  2OB1.B1R1  cos  OB^R^ . 
OR22  =  OB22  +  B2R22  -  2OB2.B2R2  cos  OB2R2 . 


Denoting  the  intensity  of  the  alternating  field  OB  by  2h  and  that  of  OA 
by  2H,  then  OB^  =  OB2  =  h,  and  OA^  =  OA2  =  H . 

^  . •.  0Ri2  =  /i2  +  H2  -  2/lH.  cos  OBiRi , 

ORg^  =  7i2  +  H2  -  2hM.  cos  OB2R2 . 

Now   OB  is  at  right  angles  to  OA,  and  it  can  be  readily  shown  that 

<t  OBjRi  =  ^  -  (</>j  -  (^2),  and  that  <t:OB2R2  =  ^  +  (</>i  -  <^2)-      I^  we  denote 

the  phase  difference  (<^j  -  ^^  of  the  two  alternating  magnetic  fields  by  $, 
then  the  above  equations  become 

ORi2  =  /i2  +  H2-2/iHsin$, 
and  OR2  =  7i2  +  H2-f2/iH  sin^. 


These  two  oppositely  rotating  magnetic  fields  act  on  the  cylinder  or  disc, 
which  revolves  in  the  direction  of  the  stronger  of  the  two  fields,  the  one  field 
exerting  a  driving  torque,  and  the  other  a  resisting  torque  on  it.  If  Cj  and 
Cg  denote  the  eddy  currents  induced  in  the  cylinder  or  disc  by  the  two  fields 
0  Rj  and  0  R2  respectively,  and  if  a>  denote  the  angular  velocity  of  the  disc, 
and  lii  that  of  each  of  the  rotatory  fields  (w  =  2im^  where  n  is  the  frequency), 
then 

C2OCOR2  (co'-a>), 

and  CjOcORi  (<o'  +  a>). 
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The  driving  torque  DjOcOR2.C2, 

i.e.  Dj  =  K1OR22  (o)'  -  co), 
and  the  resisting  torque  TjOcOR^.Ci, 

i.e.  Ti  =  Ki.ORi2(<o'  +  a)). 

In  addition  to  this  retarding  torque,  a  second  one  is  usually  added,  and  is 
produced  by  rotating  the  same  disc,  or  another  mounted  on  the  same  spindle, 
in  the  fixed  field  of  a  permanent  magnet.  The  second  retarding  torque  is 
given  by  the  equation 

T2  =  K.N2.(o, 

where  N  is  the  strength  of  the  permanent  magnetic  field,  and  w  is  the  actual 
angular  velocity  of  the  disc.  The  total  brake  torque  is,  therefore,  the  sum  of 
these  two ;  and  when  the  condition  of  steady  motion  has  been  reached,  the 
driving  torque  will  balance  the  total  retarding  torque ;  then 

D-(T,  +  T2)  =  0, 
i.e.  Ki.OR22((o'  -  (o)  =  Ki.0Ri2  (o>'  +  w)  +  K.N2.(o . 

Kia>'(OR22  -  ORjS)  =  Ki.(o.(ORi2  +  OR.,^)  +  K.N2.a) . 
Inserting  in  this  equation  the  values  of  0  Rg  and  0  R^  obtained  above,  then 
Ki(o'.4A.H.  sin  $  =  Kia>.2(/^2  +  H2)  +  K.N2.(o  , 
tVe.  since  w'  =  27^.?^, 

YJ.n.h.n  sin  $  =  2K^.(o.(/t2  +  H2)  +  K.N2(o , 
where  K'  =  87r.Kj. 

Now  K'.?^./^H.  sin  $  is  the  driving  torque  exerted  on  the  disc  of  the 
induction  meter  by  the  two  stationary  alternating  magnetic  fluxes,  K.N2(o  is 
the  retarding  torque  of  the  permanent  magnet,  and  2K^(/i2  +  H2)w  is  the 
resisting  torque  exerted  by  the  driving  fields  themselves.  This  braking 
action  of  the  two  stationary  fluxes  is  in  general  made  negligibly  small  com- 
pared with  that  of  the  usual  magnetic  brake  by  choosing  relatively  weak 
fields  and  a  low  rotative  speed  of  the  meter  disc.     In  this  case  we  may  put 

2Ki(/i2  +  H2)a>  =  0, 
and  then         K'.Tz./i.H.  sin  $  =  K.N2o> , 
co  =  K".7i.H.  sin  $, 

-here  K   =j^, 

i.e.  the  speed  is  proportional  to  the  product  of  the  two  stationary  alternating 
magnetic  fluxes  multiplied  by  the  sine  of  the  angle  of  phase  difference 
between  them. 

These  two  fields  are  produced  by  a  pressure  current  and  the  main  current 
in  the  circuit  to  which  the  meter  is  connected,  and  the  pressure  current  is 
proportional  to  the  supply  voltage.     The  true  power  in  the  circuit  is 

P  =  V.Ccos(^, 
V  and  C  being  the  voltage  and  current,  and  cos  ^  the  power  factor. 
Now  a)  =  K"./t.H.sin$ 

and  ZiOcV  and   HocC  . 


(o  =  KQ.V.Csin<^ 


8 
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The  condition  for  the  speed  of  the  meter  disc  to  be  proportional  to  the  true 
power  is,  therefore, 

sin  ^  =  cos  <^ , 

i.e.  ^  —  -^  —4*' 

$  is  the  phase  difference  between  the  two  stationary  magnetic  fields,  and  is 
not  the  same  as  that  between  the  pressure  and  main  currents  producing  these 
fields,  because  the  time-constants  of  the  magnetic  and  electrical  circuits  are 
not  the  same. 

Hence  the  very  important  condition  which  must  be  fulfilled  by  an  induc- 
tion meter  is,  that  the  pressure  and  main  current  fluxes  must  have  a  phase 
displacement  relatively  to  one  another  of  exactly  90°,  when  the  power  factor 
of  the  circuit  is  unity,  so  that  the  speed  of  the  meter  disc  is  proportional  to 
the  true  power. 


Then 

a)  =  Ko.V.Ccos<^, 

T.                             T, 

and 

/  o)dt  =  K^     V.Ccosd 

Ta  T2 

If  <^  =  0,     then      I  o)dt  =  K^  f  V.  Cdt . 


The  number  of  revolutions  exerted  by  the  disc  or  cylinder  of  the  induction 
meter  in  a  given  time  is  then  proportional  to  the  true  energy  consumed  in 
the  alternating  current  circuit  in  that  time. 

Non-inductive  and  Inductive  Loads. — When  the  meter  is  intended  for 
use  in  a  circuit  in  which  the  voltage  and  current  are  always  in  phase  with 
one  another,  i.e.  cos(f>  =  1,  it  is  not  so  essential  for  the  two  fluxes  to  differ  in 

phase  by  exactly  -  provided  that  the  angle  <E>  be  sufficiently  large.     The  sine 

of  a  large  angle  does  not  differ  appreciably  from  unity  (sin  75°  =  0*96593 ; 
sin  80°  =  0-98481;  sin  85°  =  0-99619),  so  that  the  error  will  not  be  very 
great.  If,  however,  the  current  lead  in  advance  of,  or  lag  behind,  the  pressure, 
the  angle  $  must  comply  with  the  condition  sin  $  =  cos  ^. 

Various  devices  have  from  time  to  time  been  proposed  by  different 
investigators  for  creating  exact  quadrature  between  the  pressure  and  main 
current  fluxes  in  an  induction  meter  when  the  current  and  pressure  are  in 
phase. 

At  the  present  day  three  distinct  methods  are  in  general  use,  and  are 
explained  in  Chapter  VIII.,  the  induction  meters  described  in  that  chapter 
being  arranged  in  three  corresponding  classes. 

Three-wire  Single-phase  Induction  Meters. — In  Chapter  II.  it  was  shown 
that  in  a  three-wire  direct  current  network  the  energy  used  is  only  correctly 
given  by  a  single  three-wire  energy  motor  meter  (assuming  no  errors  in  the 
meter)  when  the  system  is  perfectly  balanced,  or  when  the  pressures  between  the 
outer  mains  and  the  neutral  wire  are  kept  constant  and  eqxial  to  one  another. 
In  a  similar  manner  it  may  be  shown  that  the  energy  consumed  in  a  three- 
wire  circuit  fed  with  single-phase  alternating  current  is  correctly  measured 
by  a  three-wire  energy  induction  meter  under  certain  conditions  only. 

Let  v^  and  Vg  denote  the  instantaneous  values  of  the  voltages  between  the 
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outer  mains  and  the  neutral  wire,  v  the  instantaneous  vahie  of  the  total 
three-wire  pressure,  V^ ,  Vg ,  and  V  being  the  corresponding  maximum  values ; 
also  let  Cj  and  c^  represent  the  instantaneous  and  C^  and  Cg  the  maximum 
currents  in  the  two  outer  mains.  When  the  system  is  in  perfect  balance  and 
the  loads  contain  neither  self-induction  nor  capacity,  i.e.  the  currents  and 
voltages  are  all  in  phase, 

then  v^  =  v^  =  ^v,  c^=-Cc^  =  c  (say) ; 

and       v^  =  \^^mpt;  r2  =  V2sin^^;  v  =  \ ^inpt ;  c-^  =  Q^^mpt ;  c^  =  Q^^mpt. 

Vi  =  V2  =  i V,  and  Ci  -  C2  =  C  (say). 

The  instantaneous  value  of  the  power  is 


The  mean  power  is 


or 


p  =  cv. 


T  T 


or 


P  = 


T 

— -  I  cvdt 
T   I 


:-  +  — ^ 


where  T  =  —  = 


1       27r 


71  being  the  frequency. 


g 


J2-  J2'  J2' 
It  is  obvious  that  in  this  case  the 


meter  will  read  correctly  however  its  pressure  circuit  may  be  energised. 


When  the  system  is 
another,  but  the  loads 
consist  of  incandescent 


unbalanced  and  the  pressures  are  not  equal  to  one 
are  purely  non-inductive  and  have  no  capacity,  e.g. 
lamps,  then  the  results  established  in  Chapter  II.  for 
a  direct  current  three-wire  system  hold,  and  the 
meter  will  read  incorrectly  whether  its  pressure 
circuit  be  energised  by  a  current  proportional  to 
the  total  three- wire  voltage  or  the  pressure  between 
either  outer  and  the  neutral  main.  The  proof 
follows  in  exactly  the  same  manner  as  for  a  direct 

L"  ^  current   system,  as  the  equations  in  this  case  not 

^2           *    ^  » only    hold   for   instantaneous    values   but   also    for 

11''     11^ 
Mo \ — r-^ effective  values,  there  being   neither  self-induction 

jYf  ;    i^^ nor  capacity  in  either  of  the  branches. 

C/  When  a  phase  displacement  exists  between  the 

Fig.  104.  pressure    and    the    current   in   the    two   branches, 

whether    the    two   sides   be    equally   or   unequally 
loaded,  the  pressures  of  these  two  sides  will  not  be  in  phase  with  one  another, 
and  the  above  results  are  considerably  modified. 
Referring  to  Fig.  104,  OA  represents  the  maximum  value  V  of  the  total 
three-wire  pressure,  0  B  and  0  C  representing  the  maximum  values  V^  and  Vg 
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M2  and  Mq  .  Moreover,  V^  lags  behind  V  by  some  angle  A  0  B  =  a,  and  Vo  is 
in  advance  of  V  by  some  angle  A  0  C  =  /?.  Also  the  current  in  the  outer 
main  Mj  lags  by  some  angle  </)j  behind  the  total  three-wire  pressure,  and  <f>o 
denotes  the  angle  of  lag  of  the  current  in  the  second  outer  conductor  Mg 
behind  V.     Then  quite  generally  the  following  relations  hold — 

v  =  Y  sin  pt 

v^  =  Vj  sin  (pt  -a)         Cj  =  Cj  sin  (pt  -  </)j). 
z'g  =  Vg  sin  (pt  +  /5)        C2  =  C2  sin  (pt  -  <fi^. 

Also,  if  p  denote  the  instantaneous  value  of  the  power  absorbed  by  the  whole 
system, 

and  v  =  Vj  +  ^2 . 

It  is  not  difficult  to  show  that  with  the  system  balanced,  in  which  case  the 
power  factor  is  the  same  for  each  side,  and  the  pressures  between  the  outers 
and  the  neutral  conductor  {i.e..  maximum  or  root  mean  square  values)  are 
equal  to  one  another,  the  three-wire  watt-hour  induction  motor  meter  will 
read  correctly  only  when  its  pressure  circuit  is  energised  by  the  total  voltage 
of  the  system.  It  may  be  as  well  to  point  out  here  that  by  the  power  factor 
is  meant  the  cosine  of  the  angle  by  which  the  current  in  an  outer  conductor 
lags  behind  or  leads  in  advance  of  the  total  three-wire  voltage.  If,  on  the 
other  hand,  the  pressure  circuit  of  the  meter  be  not  connected  direct  across 
the  two  outer  mains,  but  between  either  outer  and  the  neutral  conductor, 
then,  w^ith  the  same  conditions  still  obtaining,  the  meter  w411  read  high  or 
low  according  as  the  pressure  used  lags  behind  or  leads  in  advance  of  the 
total  three-wire  voltage. 

Case  (i).  The  pressure  circuit  of  the  meter  is  energised  by  a  current  pro- 
portional to  the  total  three-wire  voltage. 

As  the  system  is  balanced,  and  the  pressures,  as  measured  by  a  voltmeter, 
are  equal  to  one  another,  but  the  current  is  out  of  phase  with  the  total 
voltage,  then 

Also  Vi  =  V2. 

7;  =  V  ^m  pt 

v^  =  Vj  sin  {pt  -a)         Cj  =  C2  =^  C  sin  {pt  -  <^). 
i\y  =  Vj  sin  {pt  +  a) 

The  instantaneous  value  of  the  driving  torque  on  the  armature  of  the  meter 
is  proportional  to  d,  where 

d=:^v{c^  +  c^) 
=  vc^ . 
The  mean  value  of  the  driving  torque  is  proportional  to  D,  and 


"4 


T 
l,dt 


=  — =  .   — r-  •  cos  (b 
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Thus  the  energy  given  by  the  meter,  assuming  no  errors,  is 


/ 


J,-^^oo.Ht. 


Now  the  instantaneous  value  of  the  power  absorbed  is 

=  ^1(^1  +  ^2) 


=  c^v 

^1 

=  Cg     and     V  = 

-h  +  v^. 

= 

1 
T 

1 

pdt-  ^    . 

x/2 

C 
J2  ''' 

<^. 

The  mean  power  is  P 

The  true  energy  is,  therefore, 

\  y    0       .J, 

I  -^  •  — =    cos  didt 
•i,  V2      ^/2 

Hence  in  this  case  the  meter  reads  correctly. 

Case  (ii).  The  pressure  circuit   of  the  meter  is  energised  by  a  current  pro- 
portional   to  the   pressure    between   the    main    M^   and    the    neutral    wire 

(  i.e.    — ^  j ;  also  Vj  lags  behind  V. 

As  in  case  (i. ),  ^1  =  ^2  ^ 

v  =  y  sin  2^t ; 

^1  ^  ^1  si^  (P^  ~  ") 
Vg  =  Vj  sin  (pt  +  a) 
Cj  =  ('2  =  C  sin  (pt  -  cf>). 
The  instantaneous  value  of  the  driving  torque  is  proportional  to  d,  and 

=  2'y^Ci . 

=  2Vj  sin  {pt  -  a).C  sin  (pt  —  cfi). 


1 

0 


Vi       c 

72'  7i-«^^-«)- 


The  meter  reading  is  thus 

T2 


JV2     s/2 


cos  (<^  —  a)c?^ 
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The  true  power  (instantaneous  value)  is,  as  before, 

pz=z  Cj  sin  {pt  -  <^)[Vi  sin  {pt-a)  +  Vj  sin  {pt  +  a)] . 

T 

Now  P  =  ^  I  P-dt 


ij... 


V,     c 


(cos  <i  -  a  +  COS  <f>  +  a) . 
The  true  energy  is 


JV2     V2 


E  =   I  -^  .  -^  (cos  </>  -  a  +  cos  </>  +  a)<i^ 

T, 


j   y  Q  lev 

ue.       E  =  2     —L  .  —^  cos  (<^  -  a)dt  +      — ^^  .  _ I^  (cos  <^  +  a  -  cos  <^  -  a)dt , 

J    sj^       sl^  J    n/2      72 

T,  T, 

.-.     E  =  2     Xl  .  _S.  cos  (d)  -  a)dt  -  2     -£  .  Xi  .  sin  (^  sin  ac^^ . 
JV2     V2  J.I~2     sj'2 

T,  Ti 

The    meter,    it    will    be    seen,    will    read    high  although    the    circuits   are 
balanced.     If  <^  =  a  =  45°,  then  the  meter  will  measure 

J    v/2-  ^2'*'' 

Ti 

whereas  the  true  energy  is 


/ 


V2     n/2 


80  that  the  meter  reads  100%  high. 

If  the  meter  be  energised  by  a  current  proportional  to  the  voltage  between 

V 

the  outer  main  Mg  and  the  neutral  conductor,   i.e.   by  —j= ,   (Vg  leads  in 

v2 

advance  of  V,)  then  it  can  be  shown  in  the  same  way  that  the  meter  reads 
low.  In  this  case  if  <^  =  a  =  45°  the  meter  stops,  whereas  the  energy 
absorbed  is 


J 


v/2     V2 


and  when  <^  =  a  =  30°  the  meter  reads  33|^%  low. 
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When  the  three-wire  circuit  is  unbalanced  and  the  power  factors  of  the 
two  branches  are  unequal  (by  the  power  factor  is  meant  the  cosine  of  the 
angle  of  phase  difference  between  the  total  three-wire  voltage  and  the  current 
in  either  outer),  the  meter  will  read  incorrectly  whether  its  pressure  circuit 
be  connected  across  the  two  outer  conductors  or  across  either  outer  and  the 
neutral  main.  The  equations  become,  however,  more  complicated,  and  no 
general  results  of  any  value  can  be  deduced  from  them.  It  may  be  of  interest 
to  give  the  case  when  the  pressure  circuit  of  the  meter  is  connected  direct 
across  the  system. 

Then         v  =  Y  sin  pt;  v^  =  V^  sin  (j)t-a) ;  v^  =  Vg  sin  {pt  +  p) 
Ci  =  C2  sin  {pt  -  <^i)  ;  C2  =  Cg  sin  {pt  -  <j>^. 

p  =  c^v-^  +  C2V2     and     v  =  v^-{-v^. 

Also  p  •■=  v^c-^  -f  VgCj . 

.  *.  by  addition  2p  =  v{c^  +  c^)  +  c^v^  +  c^^  -  (c^v^  +  CgVj). 


'  The  above  represents  the  true  mean  power,  and  taking  the  integral 
between  two  given  times  will  give  the  true  energy.  It  can  be  easily  shown 
that  the  speed  of  the  meter  armature  is  proportional  to 


1  /  V      c     ■       .    ,  Co     V 
t  <  ^  •  —L-  cos  6,  -f-  -1^  •  ^ 

I  V2     V2  V2     V2 


cos  </>!  -f-  -^  '  —^  cos  cf>^ 


so  that  the  meter  will  read  incorrectly,  and  will  read  high  or  low  according  as 
the  expression 


M%42-^°^("^'-'^)-^%-T2'=°^(*^^^>} 


-i{^.^.cos(,,.^).^_.^^cos(,,-„)} 

is  —  or  -f .     The  above  results  are  reversed  with  a  leading  current. 

The  energy  absorbed  in  a  single-phase  alternating  current  three-wire 
system  can,  of  course,  be  readily  obtained  by  treating  each  half  of  the  system 
as  an  independent  two- wire  circuit,  in  each  of  which  a  two-wire  induction 
meter  is  used.  When  the  three-wire  induction  meter  is  provided  with  two 
pressure  circuits  connected  together  in  series  direct  across  the  outer  mains, 
and  the  junction  of  these  two  pressure  circuits  is  connected  to  the  neutral 
wire,  then,  whatever  the  conditions  that  prevail,  the  three-wire  meter  will 
correctly  measure  the  energy  consumed  in  the  two  branches.  The  meter,  in 
this  case,  may  be  regarded  as  a  combination  of  two  two-wire  meters.     It  must 
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be  borne  in  mind  that  each  shunt  flux  should  be  displaced  by  a  quarter  period 
relatively  to  the  main  current  flux  with  which  it  operates,  the  neutral  wire 
being  brought  to  the  common  junction  of  the  two  pressure  circuits,  and  the 
load  being  non-inductive  and  containing  no  capacity. 

Measurement  of  Polyphase  Power. — The  polyphase  systems  in  most 
general  use  are  the  two-phase  and  three-phase  with  three  or  four  wires.  The 
measurement  of  power  in  such  a  system  is  not  simple,  as  originally  pointed 
out  by  Gorges, ■*■  and  only  a  few  of  the  more  important  equations  on  which 
polyphase  meters  are  based  are  given,  as  it  is  quite  beyond  the  scope  of  this 
book  to  include  the  complete  theory  of  alternating  currents. 

Equations  of  Power  for  a  Three-phase  Three-wire  Star  System. — In  a 
three-phase  three-wire  system  either  a  star  (Fig.  105)  or  a  delta  (Fig.  108) 
connection  of  the  three  circuits  is  used.  Referring  to  Fig.  105,  c^,  Cg,  Cg  and 
^'i  >  ^2 '  ^3  severally  denote  the  instantaneous  values  of  the  currents  and  voltages 


Mj 


M. 


Ci 


Vi 


Mz— i- 


Vs 


C3 


Cz 


3       C3 


Mj 


M. 


Vi 


v/ 


^2-i- 


Pl 


^/ 


X3^ 


I    ■    V^A^    €Q  Loaud. 
3    Cj  _ 

p2 


From,  Geruercutor 


Fig.  105. 


Fig.  106. 


in  the  phase  branches  01,  02,  and  03.  The  currents  in  the  three  supply 
mains,  M^ ,  Mg ,  Mg ,  for  the  star  coupling  are  the  same  as  the  phase  currents, 
but  the  potential  diff'erences  between  the  mains  are  the  differences  of  the 
phase  voltages  as  vectors.  Denoting  the  instantaneous  values  of  these 
potential  differences  between  the  mains,  as  shown  in  the  diagram  by  v\ ,  v 
and  v\ ,  then 


2» 


V^  . 


Also 


0^  +  0^  +  0^  =  0 


The   instantaneous   value   of   the   three-phase    power  absorbed  in  the  star- 
connected  circuits  is 

p^c^v^  +  o^v^  +  c^v^       ....       (13); 


*  Hans  Gorges,  "  tJber  Drehstrom  und  seine  Messung,"  Elektrotechnische  Zeitschrift,  Heft 
17,  p.  213,  1891  ;  and  **  On  Rotary  Currents  and  the  Art  of  Measuring  them,"  Electrical 
Revieiv,  vol.  xxviii.,  1891. 

For  those  who  wish  to  pursue  the  subject  further,  the  following  references  are  added : — 
Dr  F.  Zickermann,  E.T.Z.,  Heft  39,  1891  ;  Dr  H.  Aron,  E.T.Z.,  Heft  15,  1892;  Frblich, 
E.T.Z.,  p.  574,  1893;  Blondel,  LumUre  Elec,  21st  Jan.  1893;  Blondel,  Proc.  Elec. 
Congress,  Chicago,  p.  112,  1893;  Lunt,  Elec.  JVorld,  xxiii.,  1894;  Behn-Eschenburg, 
E.T.Z.,  19th  March  1896;  Dobrowolski  and  Bauch,  E.T.Z,,  2nd  April  1896;  and  Elec. 
World,  xxiii.  p.  492  ;  Jackson,  Elec.  World,  xxviii.  p.  351,  1896  ;  Prof.  S.  P.  Thompson, 
PulyphMse  Electric  Currents,  Spon.     {E.  T.  Z.  =  Elektrotechnische  Zeitschrift. ) 
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and  making  the  assumption  that  the  alternating  currents  and  voltages  all 
have  the  same  periodic  time  T,  then  the  mean  power  in  this  interval  is 

T  T 

0  0 

This  equation  shows  that  three  wattmeters  would  be  required,  one  for  each 
of  the  phase  circuits  01,  02,  03,  and  the  sum  of  their  three  simultaneous 
readings  would  give  the  total  power. 

This  method  is  impracticable  on  account  of  the  general  inaccessibility  of 
the  neutral  point  0.  Equation  (13)  can,  however,  be  expressed  in  terms  of 
the  currents  in  the  mains,  and  the  potential  differences  between  them. 


smce 
Also 


p 

+  02^2  +  %^3 
^ -^3)  + 62(^2 - 

■f  C2  +  Cg  =  0    . 

^3)  +  ^3(^ 
^3) 

1  +  ^2 

+  C3) 

v\. 

=  i7j  -  ^3     and 

^'2=- 

K- 

■^b)^ 

•*• 

T 

T 

and 


l'=TjT       ^/l^^-TjT       CgV'gt^J^. 


Hence  the  power  is  obtained  by  the  use  of  two  wattmeters  Pj  and  Pg  con- 
nected as  in  Fig.  106. 

*  In  a  three-phase  system  the  currents  and  pressures  are  sine  functions  of 
the  time,  have  equal  periods,  and  are  displaced  relatively  to  one  another  by 
120°.  If  the  system  be  perfectly  balanced,  i.e.  the  phase  branches  be  equally 
loaded,  then 


i;i  =  VoSinj;^, 

c^  =  CQ&m(pt-cf>), 

v^==YQs'm{pt-120°), 

c^  =  CQsm{pt-120° 

-^y. 

i'3  =  VoSin(jpi^-240°), 

«3  =  Co  sin  (2^25 -240°- 

-^y. 

where  ^  denotes  the  angle  of  lag  of  the  current  behind  the  pressure.  This 
angle  w411  also  be  the  same  in  all  the  three-phase  circuits,  01,  02,  03,  in  this 
case,  and  p  =  27r?z,  n  being  the  frequency.  Moreover,  the  maximum  values  of 
the  pressures  will  be  equal  to  one  another,  and  the  same  condition  will  obtain 
for  the  currents. 

Fig.  107  is  a  vector  diagram  of  a  three-phase  star  system,  and  0  Mj ,  0  Mg , 
0  M3  represent  the  maximum  values  of  the  phase  voltages  v-^,  v^,  v^.  If  the 
figure  be  rotated  counter-clockwise  the  phase  voltage  Vj  will  pass  through  its 
positive  maximum  first,  taking  the  line  0  Mj  as  the  standard  of  reference,  then 
the  phase  voltage  V2  and  finally  V3.     The  P.D.  at  any  moment  between  the 

*^  Throughout  this  work  the  waves  of  P.D.  and  current,  in  conformity  with  ordinary 
practice,  are  assumed  to  be  sine-shaped  in  an  alternating  current  system,  whether  single- 
phase  or  polyphase.  The  results  obtained  become  variously  modified  when  this  assumption 
no  longer  holds. 
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mains  Mj  and  Mg  is  the  difference  between  the  voltages  v^  and  v^  (as  vectors). 


Ra^ 


-^Ri 


Fig.  107. 

The  maximum  vakie  is  found  by  compounding  Vj  with  -  Vg ,  and  is  repre- 
sented by  the  resultant  0  Rj  in  the  diagram. 

Since  V^  =  Vg  =  Vg  =  V^  (say),     .  *.     ORj  =  2 V^  cos  30°, 

le.  ORi  =  V3.Vo. 

The  P.D.  between  the  mains  is,  therefore,  ^3  times  the  phase  voltage  V^ 
and  lags  30°  behind  it.  In  the  same  manner  0  Rg  is  the  maximum  value  of 
the  P.D.  between  Mg  and  M.^  and  lags  270"  behind  V^ ,  and  0  Rg  is  the  P.D. 
(maximum  value)  between  Mg  and  Mj  and  lags  behind  Vj  by  150°;  0  R'^  =  -  0  Rg 
and  lags  90°  behind  V^  . 

The  instantaneous  values  of  the  pressures  across  the  mains  are  thus — 

v\  =  v^-v^=  *y3. Vq  sin  (pt  -  30°) 
v'a  =  ^3  -  «^2  =  \/3.Vo  sin  (pt  -  270°) 
v'^  =  v^-v^=  J 3.  Vq  sin  {pt  -  1 50°). 

-  ^'2  =  ^2  ~  ^3  =  n/3-^o  ^i^^  (P^  ~  ^^°)- 


Also 
The  mean  power  is 


T  T 

0  0 

T 

=  -^     Co  sin  (pt  -  <t>)  ^/3.  Vo  sin  {pt  -  SOyit 


[  + 
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T 

+  Y     Co  «iii  {Vi  -  120°  -  (/>)  V3.Vo  sin  {pt  -  ^0")^ 

0 

And  T=^-=^ 


p  =  ^/3.VoC(,     sin  (2J<  -  <^) .  sin  (;)<  -  SO°)dpt 
2.      j 

JS.Yfi,  fsin  (^^  -  120°  -  c^)  sin  (p/'  -  90°)^i9J^ 
2.      J 

P  =  _v^  .  XoCo  j     I  cos  (c^  -  30'')#^ 


0 

277-  271- 


/' 


COS  (2pi  -cf>-  30°)dpt  \ 


y/a     VqCq  J     fcos  (</)  +  30°;^/yy/  -   j  cos(2^y/  -  2W  +  cf>)dpt  ' 

2.  •  ^  (  j  J  I 

0  0 

P  =.  ^/3  .  ^^^0  cos  (<^  -  30°)  +  J3  .  ^  .  cos  (</>  +  30°). 

2  2 

i.e.  P=  V3.V.Ccos(<^-30°)+V3.V.C.  cos((^  +  30°)  .         .      (14), 

where  V  and  C  are  the  root  mean  square  values  of  the  phase  voltage  and  the 
phase  or  main  current.  When  the  system  is  balanced  the  one  wattmeter 
Pj  (Fig.  106)  reads  ^3.V.C.  cos  (</>  -  30°),  and  the  other  wattmeter  Pg  reads 
J3.Y.C.  cos  (<^  +  30°),  the  sum  of  these  two  readings  giving  the  total  three- 
phase  power,  viz.  3.V.C.  cos  <^. 
The  equation 

^      T 


or 


--     c^.v^'dt-^     c,.v'^dt, 

0  0 

T  T 


holds  whatever  the  manner  in  which  the  phase  branches  may  be  loaded. 
When  they  are  unbalanced,  then 

v^  =  Vj  sin  pt  Cj  =  C^  sin  ( pt  —  0^) 

V2  =  Vg  sin  (pt  -a)  C2  =  C2  sin  (pt  -  a-<f>c^) 

Vg  =  Vg   sin    (pt-13)  Cg  =  Cg   sin    (i?^   -    ^   -   </)g). 
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In  this  case  the  total  three-phase  power  is 

y\C\  cos  <f)^  +  V'gC'g  cos  <^2  +  V's^'s  COS  </)3  , 

where  V'i,V'2,V'3  and  C'^CgjCg  are  the  root  mean  square  values  of  the  phase 
pressures  and  currents,  and  cos  <^j ,  cos  <^2  >  cos  <^3 ,  are  the  power  factors  of  the 
three  branches.  The  two  wattmeter  readings  will  give  the  true  power  in 
this  case  also.     This  may  be  shown  as  follows  : — 


r 

T 

0 

T 

-J 

0 
T 

-l/c. 

0 

T 


T 


vMt. 


Vj  sin  (pt-(l>i)  sinpt  dt 


Cj.Vg  sin  (pt  -  p)  %in  {pt  -  <f}^dt 


y^{pt -a-<f>2)  sin  (pt - /3)dt 


sin  (pt  —  a)  sin  (pt  -  a  —  <i>.-^dt . 


i,e.      P  =  9^  cos  </>!  +  9^  cos  <^2  -  ^  I  Cj  cos  (<^i  -  /?)  +  C2  cos  (a  +  «/>2  -  /?)  I 

.     .     .    (i). 

Now        Cj  +  C2  +  C3  =  0 

Cj  sin  ( pt  -cf)^)-\-C.2  sin  (pt -a-ff)^) +  C^  sin  (pt-  fB-  <j>^)  =  0 

i.e.         {  Cj  cos  ff>^  +  C2  cos  (a  +  <^2)  +  ^3  cos  (jS  +  <f>^) }  sin  pt 
-  {C^  sin  </)j  +  C2  sin  (a  +  cf}.-^)  +  C3  sin  (/?  +  cfi^) }  cos^^  =  0  . 

It,  therefore,  follows  that 

Ci  cos  <^i  +  C2  cos  (a  +  (^2)  +  C3  cos  (p  +  (f)^)  =  0      ,  (ii) 

and  Cj  sin  <^i  +  Cg  sin  (a  +  (^2)  +  ^3  ^"^  (i^  +  ^^a)  =  ^      •  •       (^^0- 

Multiplying  the  left-hand  terms   of   equation    (ii)    by   cos  /3   and   those   of 
equation  (iii)  by  sin  (3,  we  obtain  by  addition 

Cj  cos  (<^i  -  y8)  +  Cg  cos  (a  +  <^2  "■  i^)  +  ^3  cos  <^3  =  0  , 

i.e.  Cj  cos  (<^i  -  (3)  +  ^2  ^^^  (»  +  02  ~  ^)  =  ~  ^3  ^^'^^  *^3  • 
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Inserting  this  result  in  equation  (i),  it  follows  that 
P 


^'^'  cos  <f>,  +  ^-^  COS  (^2  +  ^'J"  COS  <^3  , 


1  '  1 
9 


I.e. 


2  r-^  ■      2 

P  =  C'j.V'j  COS  </)j  +  C'g. V'2  COS  (f>2  +  C'g.V'g  COS  <ji^ . 


Hence,  however  unbalanced  the  system  may  be,  two  wattmeters,  as  shown 
in  Fig.  106,  will  measure  the  true  power,  and  consequently  two  watt-hour 
induction  meters  connected  in  the  same  manner  will  give  the  energy  taken  in 
a  given  time. 

Transformations  of  the  fundamental  equation  of  the  instantaneous  power 
absorbed  in  a  three-phase  star  system  (Fig.  105)  may  be  obtained  as  follows  : — 


p  =  CjVj  +  Cg'^o  +  C3V3 

c^  +  c^  +  c^  =  0 


(13), 


v,  =  v. 


Inserting  successively  in  equation  (1.3)  c^  =  -c^-  c^,  c^=  -c^-  c^,  c^=  -  c^  -  Cg, 
and  using  the  above  equations  between  the  voltages,  it  can  be  easily  shown  that 

•  •  (15), 
.  .  (16), 
.         •       (17). 

.       (18). 

.       (19), 
,         .       (20). 


Cn.V 


Adding  equations  (15)  and  (16), 

2/^  =  ^'3(^2-<^l)  +  ^3(^'2-^''l)- 

From  equations  (15),  (16),  and  (17)  by  addition 

'^P  =  Ci(^'i  -  v\)  +  c,{v\  -  v'2)  +  03(7/2  -  v\) 
or  '5p  =  v\ {c^  -  C3)  -1-  ^'2(03  -  C2)  +  ^'3(^2  -  Cj)  . 

If  the  system  be  perfectly  balanced,  i.e.  if 

c^{v\  -  v\)  =  c,{v\  -  v\)  =  c.^{v\  -  v\), 
then  p  =  c-^{v\  -  v^) ,  ) 


or 
or 


(21). 


Equations  of  Power  for  a  Three-phase  Three-wire  Delta  System. — In 
the  delta  coupling  of  the  three-phase  circuits  (Fig.  108)  the  voltages  between 

Ml 


Fig.  108. 


the  mains  are  tlie  same  as  those  across  the  sides  of  the  triangle,  but  the  phase 
currents  differ  from  the  currents  in  the  mains  M^ ,  Mg ,  and  M3 . 
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The  currents  in  the  legs  of  the  triangle  are  denoted  by  c\ ,  r',^ ,  c'g ,  those 
in  the  mains  by  c, ,  Cg ,  c^ ,  and  the  pressures  by  v\  ,  v\ ,  v\ ,  all  being  instan- 
taneous values.     It  will  be  readily  seen  that  the  following  relations  hold  : — 

^1  "^  ^'  3  ~  ^*  1  ~  ^  •  •  ^1  ~  ^  1  ~  '^  3  ' 
^2"^^2~^3~^  ••  ^2~^3~^2' 
Co    I       1  ~~      9  "^  •  •       ^^  "^      9  ""      1  • 

Also  v\  +  v\  + 1;'3  =  0  . 

The  instantaneous  value  of  the  power  is 

'p=^Cyv\^-c^.v\^-c^.v\    ....       (22). 

In  the  majority  of  cases  it  would  be  impossible  to  measure  the  currents 
in  the  legs  of  the  triangle ;  and  it  is,  therefore,  necessary  to  transform 
equation  (22)  so  that  it  contains  the  currents  in  the  supply  mains  and  the 
pressures  between  them.     From  (22)  it  follows  that 

V  =  «^'i(c\  -  c'g)  +  v\{c^  -  c'g)  +  cjyv\  +  v\  +  v'^ 

=  «7\(C\-C'3)  +  ?;'2(C'2-C'3) 

Since  v\  ■\- v'^-^r v\  =  ^ . 

Also  Cj  =  c'j  -  c'g     and     c^  =  c'3  -  c^ . 

p  =  v\c^-v^f.^ (23). 

T  T 


=  1     c/jcZ^-l     c/2 


Hence  P  =  ^^  I  Ctv\dt--^  \  c.^v\dt. 


0  0 

It  thus  follows  that,  as  in  the  former  case  with  the  star  connection,  two 
watt-meters  are  necessary. 

Assuming  an  equally  loaded  system,  then 

v\  =  V'q  sin^/  c'j  =  Cq  sin  {jpt  -  ^) 

v\ -  V'o  sin  {^t  -  1 20°)  c'g  =  Cq  sin  {-pt  -  1 20°  -  <^) 

v\  =  V'g  sin  (pt  -  240°)  c'3  =  C^  sin  (pt  -  240°  -  <^). 

Now  Cj  =  c'l  -  c'g  =  Cq  sin  (f>^  -  ^)  —  Cq  sin  (pt  -  240°  -  0) 

=  V3TCoSin(;;^-<^-30°). 
Also  Cg  =  c'3  -  c'2  =  Co  sin  (pt  -  240°  -  <^)  -  Cq  sin  (/?^  -  1 20°  -  <^) 

sin  (pf-<f>-  30°).V'o  sin  ;>^.^/^ 


1*  =  -^       ^S.CoSii 
0 

T 

+  Y  I  x/3.Co  sin  (7^^  -  <^  -  lyr,  sin  (;7^  -  1 20yt . 
0 
The  equation  for  the  mean  power,  as  in  the  foraier  case,  reduces  to 

P=  V3.V.C.  cos  (0  +  30°)  +  V3.V.C.  cos  (<f>  -  30°), 
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V  being  the  root  mean  square  value  of  the  P.D.   between  the  mains  and  C 
the  root  mean  square  value  of  the  current  in  one  of  the  legs  of  the  triangle. 

Two- Wattmeter  Method  of  Measuring  Polyphase  Power. — The  power 
absorbed  in  a  three-phase  three-wire  system  is  thus  obtained  by  taking  the 
simultaneous  readings  of  two  wattmeters  P^  and  Pg ,  connected  as  in  Fig.  (109), 
whether  the  circuits  be  star  or  delta  coupled,  and  whatever  the  distribution 
of  the  loads.  Two  watt-hour  induction  meters  will,  therefore,  in  the  same 
way,  measure  the  total  energy  supplied  to  a  three-phase  three-wire  network 
when  connected  to  the  system  on  this  method,  known  as  the  two-wattmeter 
method  of  measuring  power. 

R 
Ml' 


Fig.  109. 


Fig.  110. 


Two-phase  System. — In  a  two-phase  three-  or  four- wire  system  the  power 
is  also  measured  by  means  of  two  wattmeters,  and  two  watt-hour  induction 
meters  will  give  the  total  two-phase  energy  consumption.  In  general  the 
two  phases  are  kept  distinct  from  one  another,  and  the  system  consists  simply 
of  two  single-phase  alternating  current  circuits,  differing  in  phase  by  a 
quarter  period. 

In  a  two-phase  three-wire  system  (Fig.  110)  the  one  conductor  M^  acts 
as  a  common  return  to  the  other  two.  The  instantaneous  value  of  the 
current  flowing  in  it  is  the  sum  of  the  instantaneous  values  of  the  two 
currents  in  M^  and  M2 .  When  the  system  is  balanced  and  there  is  no  dis- 
placement between  the  currents  and  pressures,  if  C  denote  the  R.M.S.  value 
of  the  current  in  Mj  or  Mg ,  then  the  current  in  Mq  is  ^2.C ,  and  the 
pressure  across  Mj  and  M2  is  ^yS-V,  where  V  is  the  R.M.S.  value  of  the  P.D. 
between  Mj  and  M^ ,  or  M^^  and  Mg . 

Referring  again  to  the  delta  coupling  (Fig.  108),  the  instantaneous  value 
of  the  power  may  be  variously  expressed  as  follows : — 

(22). 


2J  =  c^.v^  +  r^^v^-\-c^.v 

Also 

v\-\-v\,  1  '^'3  =  0 

and 

Cj  +  c'g  -  c\  =  0 

Cg  -1-  c'2  -  c'3  =  0 

Co  +  c\  -  c'„  =  0  . 

Inserting   successively   in    equation    (22) 


-  v\ ,V2=  -  v\  -  v'2   and 
and  using  the   relations  between  the  currents  in  the  supply 


mains  and  those  in  the  legs  of  the  triangle,  then 


I'-i 


P 


2-^2 


(23), 
(24), 
(25). 
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These  equations  were  first  obtained  by  I^r  Aron,*  and  used  in  the  construction 
of  polyphase  meters. 

From  equations  (24)  and  (25)  by  addition, 

2i5  =  «^'3(^2-^l)+^3(^''2-^'lX    ....  (26). 

Similarly 

2i?  =  v\{c^  -  C2)  +  c^{v\  -  v\),  ....     (26a), 

'ip  =  v\{c^-c^)  +  c.^{v^-v^,  ....      (265). 

Adding  equations  (23),  (24),  and  (25)  together,  then 

or  3p  =  c^{v\  -  v\)  +  c^{v'^  -  v\)  +  c^(v\  -  v\),       .         .       (28). 

(27)  and  (28)  are  the  oldest  equations  for  the  measurement  of  power  in  a 
three-phase  system,  and  were  originally  established  by  Gorges. 
If  the  system  be  perfectly  balanced,  then 

Ci(«^'i  -  ^^'3)  =  <^2{^'3  -  ^'2)  =  ^8(^'2  -  ^'1)' 
and  equation  (28)  reduces  to 

p  =  c^(v\-v^)  =  c^(v'^-v\)  =  c^{vr,-v\),         .         .       (29). 

From  equation  (29)  it  follows  that  the  three-phase  power  in  a  perfectly 
balanced  network  can  be  measured  by  means  of  one  wattmeter,  the  main  coil 
of  which  is  placed  in  one  of  the  supply  mains,  the  one  end  of  the  shunt  coil 
of  the  wattmeter  being  permanently  connected  to  that  main,  while  the  other 


Ml 


M3     ^^       f  */^V><  ■  p 


3f2^^^ 


vi 


Frorrv  Gerverator  To  LocudL 

Fig.  111. 

end  is  connected  to  the  arm  of  a  two-way  switch,  by  means  of  which  it  can 
be  alternately  joined  to  the  other  two  mains.  This  will  be  understood  by 
reference  to  Fig.  111. 

Equations  of  Power  for  a  Three-phase  System  with  Four  Conductors. — 
In  a  three-phase  system  with  four  conductors,!  the  equations  for  the  power 
absorbed  become,  in  general,  modified,  owing  to  the  current  in  the  neutral 
conductor  not  being  zero. 

A  three-phase  four- wire  system  combined  with  star  and  delta  connections 

*  Dr  Aron,  Elektrotechnische  Zeitschrift,  1892,  Heft  15.  English  Patent  No.  21354, 
1891. 

t  The  equations  for  a  three-phase  four-wire  system  were  first  given  by  Dr  H.  Aron, 
Elektricitatsziihler  fiir  Dreiphasenstrom  mit  vier  Leitungen,  Elektrotechnische  Zeitschrift, 
Heft  10,  1901.  Dr  Aron's  British  Patent  21355,  1899.  Also  Polyphase  Meters,  Elec. 
Review,  vol.  Ivi.  p.  384,  1905.  Further,  see  Dr  G.  Stern,  Elektrotechnische  Zeitschrift, 
Heft  12,  1901. 
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is  illustrated  diagrammatically  in  Fig.  112,  and  the  letters  have  the  following- 
meanings  : — 

Cj ,  Cg ,  C3 ,  and  Cq  denote  the  instantaneous  values  of  the  currents  in  the 
three  supply  mains  Mj ,  M., ,  M3  and  the  fourth  conductor  M^  respectively ; 

c\ ,  c'2 ,  c'3  are  the  instantaneous  values  of  the  currents  in  the  star  branches. 
,,  ,,  pressures  ,, 

„  „  currents   in   the    legs    of    the 

triangle. 


^1  ■>    ''2 '    '^'3 

//  //  rr 

^    \->    ^    2  '    ^'3 


'^l,     ^2'     ^3 


Mo 
Ml 
Ms 

Mo 


pressures  across  the  corners  of 
the  triangle. 


Co 

Cj 

J 

^^    -t 

^ij^jd 

(^ 

Cz 

eY2 

'^3 

Fig.  112. 


The  instantaneous  value  of  the  power  absorbed  in  the  combined  mesh  is 

21  =  c\v\  +  c\j.v\  +  c\.v\  +  (^'yVi  +  c'o.?;o  +  ^'3.^3 ,     .  .        (30). 

The  followino-  relations  also  hold  : — 


^3  J         ^  2  =  ^3  -  ^2  ^         '^  3  ^ 
Ci  +  C2  +  C3  +  Co  =  0; 

C^  —  C^-\rC  J  —  t;  3J 
2  +  C  3  —  C  2  j 


^2  -  "^1  ^ 


C^  =  C^-{-C 


C/o  "-"    ty  o      l"  ^     O  ^ 


1  • 


Substituting  in  equation  (30)  the  values  of  v\ ,  v.2 ,  v'^ ,  we  obtain 
P  =  ^"1(^1  -  v^)  +  c%^{v^  -  v^)  +  ^"3(^2  -  '^1)  +  c>i  +  c\.v^  +  c'g.Vg , 
which  may  be  written  in  the  form 

V  =  ^i(c'i  +  c\  -  <^"z)  +  ^2- (^'2  +  ^"3  -  ^"2)  +  ^3(^'3  +  ^"2  -  c"i)' 

and  giving  the  expressions  in  the  brackets  their  values  in  terms  of  the  currents 
in  the  mains,  then 

p  =  VyC^  +  v^.c^^v^x^,      ....       (31). 

The  total  power  absorbed  is  obtained  by  means  of  three  wattmeters 
having  their  current  coils  connected  in  the  three  supply,  mains  Mj ,  M2 ,  M3 , 
and  their  volt  coils  connected  between  these  mains  and  the  neutral 
conductor  M^. 


Now 


t\  +  Vo  +  ^'s 


9 
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Hence,  by  inserting  in  equation  (31),  v^=  -  (v-^  +  Vo), 

p  =  v^(c^-c^)  +  v^{c^-c^)    ....       (32). 
Similarly,  by  substituting  for  Vg  and  v^  in  succession,  we  obtain 

P  =  v^{g^-c^)  +  v^{Cs-C2),   ....       (33), 
and  P  =  v^{c^-c^)  +  v,^{c^-c^),  ....       (34). 

Equation  (32)  may  be  written  in  the  form 

^  =  Vl  +  V2-^3fe  +  ^2)- 


But 

^1 

=  v\  +  v„ 

^2 

=  v^-~v\. 

and 

^1 

+  ^2=  -^3 

.'. 

V  =  «^'i.^i  +  ^3(^1  +  ^2  +  ^3)  -  V2 » 

and 

^1+^2  + ^3=    -^'o- 

Further 

=  3i'3  +  v\  -  v\ . 

and 

Vl  +  1^2  +  V3  =  0  . 

3 

Substituting  for  Vg , 

i'  =  »'i(<'i  +  |)-'''.(<'2  +  |)  ....       (35). 
From  equation  (33)  we  obtain 

But  v^  =  ^2  ~  ^'3 » 

«'3=^2  +  ^'2' 
Vj  +  ^2  +  V3  =  0  =  3^2  +  V'2  -  V'3  , 

2?  =  Ci(i;2  -  r'g)  +  C3(7;2  +  v\;)  +  V2C2  , 
=  V^  -  c^v\  +  t;2(ci  +  C2  +  C3), 
=  C3.v'2-Ci.?;'3-Co.;;2. 

or         ^  =  t;',(^c3  +  |)-t'3(c,  +  |)    ....       (36). 

In  an  analogous  manner  it  may  be  shown  that 

'-1--3— , 
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and  that  equation  (34)  becomes 

^>  =  .'3(c,  +  |)-'.\(c3  +  |)      .  .  .       (37). 

Adding  equations  (36)  and  (37), 

'ip  =  v,(c,-c,)  +  (c,  +  ''jy,-v\)      .         .  (38). 

From  equations  (35),  (36),  and  (37) 

^p  =  v'^(c,-c^)  +  v',(c^-c,)  +  v\{c^-c^)       .         .       (39), 

Comparison  of  Equations  for  Three-phase  Systems  with  Three  and  with 
Four  Conductors. — It  will  be  seen,  on  comparing  the  equations  for  the  power 
absorbed  in  a  three-phase  three-wire  system  (delta  or  star)  with  the  corre- 
sponding equations  for  a  three-phase  network  with  four  wires  (star  or  mixed 
connections),  that  a  three-phase  meter  designed  for  use  on  a  system  with  three 
conductors  will,  in  general,  not  be  suitable  for  the  measurement  of  the  energy 
absorbed  when  a  fourth  conductor  from  the  neutral  point  of  the  star  is  used. 
To  emphasise  this  point  these  equations  are  again  given  below  : — 

2v-vUc  -c)  +  c  (v    - v'  )  '> Three-phase  System 

^p-v^{c.,     c^)  +  c^{V2     '\)  (    with  Three  Wires. 


3^  =  v\{c^  -  Cg)  -I-  v\^{c^  -  Co)  -H  v\{c^  -  Ci) 
3p  =  v\{c^  -  Cg)  -f  v\{c^  -  Cg)  +  v\{c^  -  Cj) 


Three-phase  System 
with  Four  Wires. 


In  the  above,  Cj ,  Cg ,  ^3  are  the  instantaneous  values  of  the  currents  in  the 
supply  mains,  v\ ,  v\^ ,  v\  the  instantaneous  values  of  the  pressures  between 
these  mains,  and  c^  is  the  instantaneous  value  of  the  current  in  the  fourth  or 
neutral  conductor.  It  also  follows  from  the  above  equations  that  a  meter 
designed  on  the  principle  expressed  in  the  equation 

3p  =  v\{c^  -  C3)  -t-  n\{c^  -  c^  -f  v\{c^  -  Cj) 

will  be  applicable  to  a  three-phase  system  with  three  or  four  conductors,  the 
reason  being,  that,  as  only  the  differences  between  the  main  currents  are  in- 
volved, the  current  in  the  neutral  wire  becomes  obliterated  from  the  equation. 
Further,  from  any  given  equation  for  a  three-phase  three-wire  system,  the 
corresponding  equation  for  a  system  with  four  wires  is  readily  obtained  by 

adding  ^  to  each  term  representing  a  current  in  one  of  the  three  supply  mains 

of  the  four-wire  system. 

The  currents  Cj ,  Cg ,  c^  in  the  mains  of  the  three-phase  three-wire  network 
are,  of  course,  not  the  same  as  the  currents  Cj ,  Cg ,  Cg  when  four  wires  are  used. 
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SINGLE-PHASE  INDUCTION  METERS. 

General  Description— Phase  Difference  between  Pressure  and  Main  Current  Fields — Methods 
of  Phase  Compensation — Effect  of  Over-Compensation  and  Under-Compensation — 
Electrical  Company's  Induction  Meter — Hartmann  &  Braun  Induction  Meter  — 
Siemens-Schuckert  Induction  Meters— Deutsch-Russische  Induction  Meter— Induction 
Meter  of  Mix  &  Genest — Hookham  Induction  Meter— Westinghouse  Induction  Meter — 
Aron  Induction  Meter — Bat  Induction  Meter — Brush-Gutmann  Induction  Meter — 
Ferranti-Hamilton  Induction  Meter—Fort  Wayne  Induction  Meters— High  Torque 
Induction  Meter  of  the  General  Electric  Company,  U.S.A. — Scheeffer  Induction  Meter 
— Stanley  Induction  Meter — A.C.T.  Induction  Meter — Induction  Meters  of  the 
Compagnie  Anonyme  Continentale,  Pans — Eclipse  Induction  Meters — Meters  with 
Current  and  Pressure  Transformers. 

General  Description. — The  electrical  energy  consumed  in  a  given  time  in 
an  alternating  current  circuit  is,  at  the  present  day,  almost  exclusively 
measured  by  means  of  meters  of  the  induction  type,  in  which  the  inductive 
effect  of  several  currents  differing  in  phase  is  utilised.  A  very  simple  con- 
struction is  obtained  by  the  use  of  this  principle,  giving  a  small  energy  loss 
and  a  light  revolving  element,  with  the  total  elimination  of  brush  friction  and 
the  troubles  inherent  to  commutators  and  brushes. 

Commutator  motor  meters,  without  iron  in  eiUier  the  armature  or  field 
system,  such  as  have  been  included  in  Chapter  IV.,  were  originally  used  for 
this  purpose,  but  have  been  completely  superseded  by  the  induction  meter  on 
account  of  its  manifold  advantages. 

In  general,  alternating  current  induction  meters  are  designed  on  the 
principle  of  Ferraris,  in  which  non-magnetic  solids,  revolving  discs  or  cylinders 
of  copper  or  aluminium,  are  acted  upon  by  rotary  or  progressively  shifting 
magnetic  fields,  arranged  symmetrically  or  asymmetrically  to  the  axis. 

In  the  meters  based  on  the  rotary  field  of  Ferraris,  two  stationary 
solenoids  or  electro-magnets  are  used,  usually  situated  together  on  one  side 
of  the  axis  of  the  revolving  element.  The  one  coil  is  traversed  by  the  main 
current  in  the  circuit  and  the  other  by  a  pressure  current.  The  two  fields  of 
these  coils  are  displaced  in  phase  and  usually  cross  one  another,  producing 
rotation  of  the  movable  conductor.  The  motor  in  an  induction  meter  is 
really  a  split-phase  motor,  the  rotor  of  wliich  in  general  rotates  in  a  two- 
pluise  rotary  field.  Tlie  one  phase  of  this  field  is  produced  by  the  current 
taken  by  the  insUiUation,  tlic  other  by  means  of  a  branch  circuit  in  parallel 
with  the  supply  mains. 

An  induction  motor  meter  has  essentially  three  main  parts — the  motor 
proper,  the  brake  system,  and  the  integrating  mechanism. 
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The  revolving  element  is  either  a  light  disc  or  bell  mounted  on  a  short 
vertical  spindle,  which  also  carries  a  driving  worm.  The  stator  of  the  motor 
consists  of  a  shunt  and  series  electro-magnetic  system,  which  produces  a 
driving  torque  on  the  revolving  element  proportional  to  the  product  of  the 
two  fields  multiplied  by  the  sine  of  the  angle  of  phase  displacement  between 
them.  The  work  done  by  the  motor  consists  in  driving  the  integrating 
mechanism  and  the  brake  system,  which  latter  is  the  ordinary  Foucault 
brake. 

In  general,  the  same  armature  disc  is  used  as  the  brake  disc  and  revolves 
between  the  jaws  of  a  permanent  magnet,  which  induces  in  it  the  eddy 
currents  producing  the  retarding  torque  proportional  to  the  speed. 

The  revolutions  of  the  meter  spindle  are  transferred  by  means  of  the  w^orm 
to  an  integrating  mechanism,  which  is  an  ordinary  train  of  wheels  actuating 
the  hands  of  a  dial  counter  or  number  discs,  the  figures  of  which  appear 
in  line  in  slots  in  the  dial  face  and  usually  spring  into  position.  In  either 
case  the  figures  of  the  dials  indicate  directly,  without  the  use  of  a  multiplier 
or  constant,  the  energy  consumption  in  Board  of  Trade  or  other  convenient 
units. 

Phase  Difference  between  Pressure  and  Main  Current  Fields. — The 
driving  torque,  as  already  stated,  is  proportional  to  the  product  of  the  two 
fields  acting  on  the  disc,  multiplied  by  the  sine  of  the  angle  of  phase  difference. 
The  one  field  is  produced  by  the  main  current  winding  and  the  other  by  the 
pressure  winding  of  the  meter,  so  that  they  are  respectively  proportional  to 
the  main  current  in  and  the  pressure  of  the  circuit. 

The  angle  of  phase  diff'erence  varies  in  different  meters  from  about  70  to 
80  or  85  degrees,  and  the  sine  of  an  angle  of  85  degrees  does  not  differ 
appreciably  from  unity.  The  driving  torque  is  then  proportional,  very 
approximately,  to  the  product  of  the  current  and  voltage,  or  the  power 
delivered  to  the  circuit,  ])ut  only  when  the  current  and  the  voltage  are  in 
phase  with  one  another. 

For  purely  non-inductive  loads,  such  as  incandescent  lamps,  it  is  not 
essential  that  the  meter  should  be  artificially  compensated,  so  that  the  angle 
of  lag  between  the  shunt  flux  and  the  main  current  flux,  when  the  current 
and  voltage  are  in  phase,  should  be  exactly  90  degrees.  When  the  meter  is 
intended  for  use  on  circuits  in  which  the  current  is  out  of  phase  with  the 
impressed  E.M.F.,  it  is  absolutely  necessary,  for  the  meter  to  register 
correctly,  that  the  angle  of  phase  difference  between  its  two  fields  is 
artificially  increased  until  it  is  a  right  angle.  In  this  case  if  <^  denote  the 
angle  by  which  the  current  either  leads  in  advance  of  or  lags  behind  the 
pressure  across  the  supply  mains,  the  angle  of  phase  displacement  between 
the  shunt  and  series  fluxes  will  be  90°  ±  <^,  and  the  sine  of  this  angle  will  be 
equal  to  cos  </>,  which  is  the  power  factor  of  the  circuit.  The  driving  torque 
luider  these  conditions  is  proportional  to  the  product  of  the  current  and 
pressure  multiplied  by  the  power  factor,  that  is,  the  true  power  delivered  to 
the  circuit,  and  therefore  the  revolutions  of  the  meter  disc  executed  in  a 
given  time  will  be  proportional  to  the  true  energy  consumption  in  that 
interval. 

Methods  of  Phase  Compensation. — Various  methods  are  in  vogue  by 
means  of  which  the  meter  is  compensated  to  produce  the  desired  phase 
relationship.  Induction  meters  may  be  divided  into  three  classes  according 
to  the  method  used  in  attaining  this  result,  and  this  classification  has  been 
adhered  to  hi  the  descriptions  of  the  meters  included  in  this  chapter. 
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The  first  method  consists  in  the  employment  of  an  impedance  coil  and  a 
tion-inductive  resistance  in  combination  with  the  pressure  winding  of  the 
meter.  In  this  way  the  shunt  current,  already  lagging  by  a  considerable 
angle  behind  the  pressure,  gives  rise  to  two  components,  of  which  the  one, 
traversing  the  shunt  coils  and  producing  the  shmit  flux,  is  caused  to  lag  still 
further  behind  the  total  shunt  current,  and  the  shunt  flux,  by  suitably 
adjusting  the  different  circuits,  will  be  displaced  by  exactly  90  degrees  from 
the  impressed  E.M.F. 

In  the  second  method,  which  is  analogpus  to  the  first  in  so  far  as  it 
operates  on  the  pressure  circuit  only,  the  phase  compensation  is  obtained  by 
the  use  of  a  short-circuited  secondary  winding  which  gives  rise  to  a  magnetic 
field  displaced  by  more  than  90  degrees  from  the  shunt  current.  These  two 
fields  combine  to  a  resultant  shunt  flux,  which,  by  suitably  designing  the 
shunt  electro-magnet  regulating  the  impedance  coil,  if  any,  and  adjusting  the 
conductivity  of  the  secondary  winding,  will  be  at  right  angles  to  the  pressure, 
or  to  the  main  current  flux  when  the  current  is  in  phase  with  the  E.M.F. 

The  third  method  differs  materially  from  the  other  two,  in  that  it  affects 
the  main  current  flux.  As  large  an  angle  of  phase  difference  between  the 
shunt  and  the  pressure  is  obtained  either  with  or  without  an  impedance  coil, 
and  the  main  current  winding  is  composed  of  two  portions,  of  which  the  one 
is  highly  inductive  and  the  other  has  very  little  self-induction.  By  this 
means  a  resultant  series  flux  is  produced,  leading  by  an  angle  in  advance  of 
the  pressure.  By  proper  adjustment  of  the  relative  inductance  of  the  two 
main  current  circuits  of  the  meter,  this  angle  of  lead  will  be  the  complement 
of  the  angle  of  lag  of  the  shunt  flux  behind  the  pressure  when  the  current 
and  E.M.F.  are  in  phase.  When  this  condition  is  fulfilled  the  meter  will 
register  correctly  on  inductive  loads. 

Vector  diagrams  illustrating  these  methods  are  given  in  connection  with 
the  description  of  the  representative  types  of  the  meters  belonging  to  these 
three  classes.  In  each  case  the  magnetic  flux  produced  by  a  current  flowing  in 
the  shunt  or  series  winding  is  shown  in  phase  with  the  current.  This  is  not 
strictly  correct,  as  the  current  will,  in  general,  lead  in  advance  of  the  flux  to 
which  it  gives  rise,  because  the  time  constants  of  the  electrical  and  magnetic 
circuits  are  never  quite  the  same.  This  very  slight  difference  does  not  in  any 
way  affect  the  result,  and  has  not  been  taken  into  account,  for  the  sake  of 
clearness  in  the  diagrams. 

Effect  of  Over-Compensation  and  Under-Compensation.— The  true 
power  in  an  alternating  current  circuit  is  given  by  the  equation  P  =  C.V.  cos 
<t>,  where  C  denotes  the  current,  V  is  the  voltage,  and  cos  <^  is  the  power  fac- 
tor. Whether  the  condition  of  exact  quadrature  between  the  series  and 
shunt  fields,  when  the  load  is  non-inductive,  be  fulfilled,  or  not,  the  torque 
exerted  on  the  disc  is 

D  =  K.F,.F,.  sin^. 

F^  and  F^  denote  respectively  the  resultant  shunt  and  series  fluxes,  ^  is  the 
phase  displacement  between  them,  and  K  is  a  constant. 

When  the  meter  is  properly  adjusted,  ^   =-±0,     <^  being  the  angle  by 

which  the  current  leads  in  advance  of  or  lags  behind  the  pressure,  and  it 
then  registers  correctly  on  loads  of  any  power  factor.  If  an  induction 
meter  be  over-compensated,  i.e.  when  the  power  factor  is    unity,  if  the  angle 
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between  the  main  current  and  shunt  fluxes  exceed  -  by  some  small  angle  a, 

then  the  meter  will  read  high  when  the  current  is  a  lagging  current,  and  when 
a  equals  the  angle  of  lag  the  reading  will  be  a  maximum,  the  power,  as 
registered  by  the  speed  of  the  meter,  corresponding  to  the  power  when  the 
load  is  non-inductive. 

Now  D  =  K.F,.F,sin<l> 

but  F,  oc  V     and     F,.oc  C 

'tt 


also  $=(_^^_^ 

.-.        D  =  K'.V.Csin(^_^-r^ 


=  K'.V.C.  cos  (<^  -  a). 
Since  cfi-  a<cf>,     therefore     cos  (<^  -  a) >  cos  (f> . 

It  thus  follows  that  the  torque  exerted  is  too  large,  and  the  meter  runs  fast 
and,  consequently,  registers  too  high. 

When  (f>-  a  =  0     i.e.     a  =  (^ 

then  cos  (<^  -  a)  =  1 

and  D  =  K'.C.V. 

The  meter  in  this  case  registers  as  though  the  current  C  and  the  voltage  V 
were  in  phase  with  one  another. 

When  the  current  leads  in  advance  of  the  pressure  by  an  angle  <j{>,  it  can 
be  shown  in  a  similar  manner  that  the  meter  will  read  low,  and  will  stop  when 

*  +  *^=9)   when    the    meter    is   over-compensated.     In   this  last  case,  when 


a  +  cA  =  ^ 


D  =  K'.V.C.  COS  (a +  <^) 
=  K'.V.C.  cos  ^ 
=  0. 
It  will  be  readily  seen  that  the  reverse  holds  when  the  meter  is  under- 
compensated, i.e.  $  =  <  (^  -  a)  ±  (^  > .     In  this  case  the  meter  will  read  low 

for  a  lagging  current  and  high  for  a  leading  current. 

The  Electrical  Company's  Induction  Meter. — The  alternating  current 
watt-hour  meter  for  inductive  loads,  type  K.J.,  of  the  Electrical  Company, 
Limited,  London,  is  typical  of  those  induction  meters  in  which  the  90  degrees 
phase  displacement  of  the  shunt  flux  from  the  voltage  of  the  circuit,  or  the 
series  flux  when  the  main  current  is  in  phase  with  the  supply  pressure,  is 
obtained  by  the  employment  of  an  impedance  coil  and  a  non-inductive  re- 
sistance in  the  pressure  circuit  of  the  meter.  In  this  case  the  non-inductive 
resistance  is  placed  in  parallel  with  the  pressure  windings,  w^hich  are  connected 
in  series  with  the  impedance  coil  direct  across  the  supply  mains.  The  whole 
shunt  current,  lagging  behind  the  supply  voltage,   passes  through   the   im- 


136 


ELECTRICITY   METERS. 


pedance  coil  and  divides  into  two  portions, 


K 


^•-^i^rrr^— « I 


— ^rccW^- 


of  which  the  one  flows  through 
the  non-inductive  resistance  and 
the  other  traverses  the  pressure 
coils  of  the  meter. 

The  method  by  means  of 
which  an  exact  quarter-phase 
displacement  between  the  shunt 
flux  and  the  supply  pressure  is 
obtained  will  be  understood  by 
reference  to  the  vector  diagram, 
Fig.  113,  on  the  right  of  which 
is  shown  diagrammatically  the 
pressure  circuit  of  the  meter. 

OE  represents  the  voltage 
Fig.  113.  V  across  the  terminals  A  and  B 

of  the  pressure  circuit,  and  0  E^ 
and    OE2  are  respectively   the   voltages   V^   and   Vg  across  the   impedance 


15 


Vz 


Fig.  114. 


coil    I   and   the   parallel   circuit,    composed  of   the  pressure  winding  S  and 
the  non-inductive    resistance   R.       OS   is   the   total   shunt   current   in  the 
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choking  coil,  and,  in  consequence  of  its  high  self-induction,  it  lags  considerably 
behind  the  voltage  V^  across  its  terminals.  This  current  splits  up  into  the 
two  portions  0  S^  and  0  S2 ,  of  which  0  S^  is  the  current  in  the  pressure  winding 


Fig.  115. 

lagging  behind  the  voltage,  also  on  account  of  its  self-induction,  and  0  S.,  is  the 
current  in  the  non-inductive  resistance,  practically  in  phase  with  V2.  0  F^  is 
the  shunt  flux,  due  to  the  current  0  Sj  in  the  pressure  windhig.     By  properly 


Fig.  116. 


choosing  the  resistance  R  and  adjusting  the  self-induction  of  the  impedance 
coil  I,  a  phase  displacement  of  exactly  90  degrees  can  be  obtained  between 
0  Fj  and  0  E.  0  C  represents  the  main  current  C  in  the  circuit,  supposed  lag- 
ging behind  the  supply  pressure  by  an  angle  <^,  and  0  Fg  is  the  main  current 
flux  to  which  it  gives  rise.  The  power  supplied  to  the  circuit  is  'in  this 
instance  V.C.  cos  <^,  where  V  is  the  supply  voltage  and  C  is  the  main  current. 
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as  given  respectively  by  a  voltmeter  and  ammeter,  and  cos  </>  is  the  power 
factor.  The  driving  torque  exerted  by  the  series  and  shunt  fluxes  on  the  disc 
is  proportional  to  the  product  of  these  two  fields  multiplied  by  the  sine  of  the 
angle  of  phase  displacement  between  them.  The  shunt  flux  is  proportional  to 
the  pressure  and  the  series  flux  to  the  main  current,  and,  further,  the  angle  of 
phase  displacement  between  the  two  fields,  with  the  above  condition  of  quad- 
rature fulfilled,  is  the  complement  of  the  angle  by  which  the  main  current  lags 
behind  the  pressure,  and  therefore  the  sine  of  this  angle  is  equal  to  cos  </>. 
The  driving  torque  is  thus  proportional  to  V.C.  cos  <f),  or  the  true  power,  and 
the  revolutions  of  the  meter  executed  in  a  given  time  will  be  a  measure  of 
the  true  energy  delivered  in  that  time. 

The  disadvantage  of  the  above  method  of  connection  is,  that  in  the  non- 
inductive  resistance  a  large  part  of  the  energy  used  in  the  pressure  circuit  is 
wasted  in  heat. 

The  meter,  with  the  cover  removed,  is  illustrated  in  Fig.  114,  and  its  various 
parts  are  shown  diagrammatically  in  Figs.  115  and  116.  The  revolving 
element  consists  of  a  light  aluminium  disc  A,  mounted  on  a  vertical  spindle, 
which  rests  in  a  flexibly  supported  ball-bearing.     The  disc  rotates  between 

the  yoke  R  and  the  poles  of  the  electro- 
magnet E,  and  its  speed  is  controlled 
by  the  permanent  magnet  M  in  the 
usual  manner.  The  worm  Z,  on  the 
upper  part  of  the  meter  spindle,  drives 
the  cyclometer  counter,  which  registers 
the  consumption  direct  in  B.O.T.  units. 
The  rotation  of  the  disc  is  produced  by 
the  electro-magnet  E,  having  three  verti- 
cal limbs  (Fig.  116),  on  the  outer  two 
of  which  are  wound  the  pressure  coils 
Sj  and  Sg,  whilst  the  central  limb 
carries  the  main  winding  M  of  the  meter. 
A  few  of  these  main  current  turns  are 
placed  on  the  limb  which  carries  the  shunt  coil  Sj  to  counterbalance  the 
disproportionality  between  the  two  outer  poles,  which  would  otherwise  result 
from  the  action  of  the  main  current  fields.  This  will  be  understood  by 
reference  to  Fig.  117,  which  is  a  diagram  of  the  shunt  and  series  fields. 

The  field  due  to  the  shunt  coils,  shown  by  the  dotted  lines  S  S,  is  aff'ected 
by  the  fields  Hj  and  Hg  produced  by  the  main  current  coil  situated  on  the 
central  limb.  The  one  shunt  pole  will  be  strengthened  and  the  other  will  be 
weakened,  so  that,  with  increasing  load,  the  former  pole  will  become  saturated 
before  the  other.  To  compensate  for  this  inequality  the  left-hand  limb  of  the 
electro-magnet  has  wound  upon  it  a  small  portion  of  the  main  coil,  and  both 
the  liml:)S  carrying  the  shunt  coils  become  saturated  simultaneously. 

On  open  circuit,  the  two  shunt  coils  Sj  and  Sg  produce  a  considerable 
torque  if  the  air-gaps  Lj  L^  (Fig.  116)  or  the  magnetic  effects  of  the  two  coils 
are  different. 

Tlie  yoke  R  is  adjustably  mounted,  so  that  its  relative  height  above  the 
two  outer  poles  can  be  altered  to  compensate  for  friction  on  light  loads. 

Shunt  running  is  obviated  by  the  use  of  a  small  piece  of  bent  iron  wire 
fastened  to  the  hub  of  the  armature  disc.  With  no  current  in  the  main  coils, 
the  wire  is  held  in  position  by  the  permanent  magnet  when  it  is  between 
their  polos,  anrl  motion  of  the  disc  is  prevented.     The  position  of  the  per- 
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mancnt  magnet  can  be  altered  relatively  to  the  disc  for  the  speed  adjustment 
of  the  meter. 

The  Hartmann  &  Braim  Induction  Meter. — In  the  induction  meter  for 
inductive  loads,  manufactured  hy  Hartmann  &  Braun,  Frankfort,  Germany, 


Fig.  118. 


Fig.  119. 


the  same  method  of  phase  compensation  is  used  as  in  the  preceding  type. 
The  impedance  coil  is  in  series  with  the  shunt  or  pressure  coils  of  the  meter, 
and  the  latter  are  connected  in  parallel  with  tlie  non-inductive  resistance. 
Fig.  118  represents  the  back  of  the 
meter  with  the  cover  taken  oft'  to 
show  the  shunt  and  series  system, 
and  Fig.  119  is  a  front  view  with 
the  cover  and  the  integrating  train 
removed.  S  S  are  the  shunt  coils 
wound  on  the  vertical  limbs  of  the 
laminated  shunt  magnet  n,  of  which 
the  bottom  yoke  Q  carries  the  main 
current  coil  H.  In  the  air-gap 
between  the  shunt  magnet  n  and 
the  yoke  Q  is  the  aluminium  arma- 
ture disc  A,  which  also  rotates 
between  the  poles  of  the  adjustably 
mounted  brake  magnet  m.  T  is 
the  choking  coil,  and  W  is  the  non- 
inductive  resistance  in  the  pressure 
circuit.  The  aluminium  disc  A  is 
mounted  on  a  brass  tube,  which 
carries  at    its   lower   end    a   highly 

polished  steel  pivot  running  in  a  jewel  spring  step-bearing,  no  clamping- 
device  being  used.  The  spindle  drives  through  a  worm  the  integrating  dials, 
shown  in  Fig.  120,  the  hands  on  which  all  rotate  in  the  same  direction,  thus 
facilitating  the  reading  of  the  counter. 

At  P>,  Fig.  119,  is  shown  the  screw  by  means  of  which  the  friction  device 


140 


ELECTRICITY    METERS. 


can  be  adjusted.  It  consists  of  an  ahiminiiim  strip,  which  projects  through 
the  cast-iron  base  plate  between  the  poles  of  the  shunt  magnet  and,  in  general, 
occupies  approximately  a  mid-position  beneath  the  vertical  air-gap  separating 
them.  The  magnetic  lines  of  force,  which  are  produced  by  the  shunt  coils  S  S, 
proceed  from  the  poles  of  the  shunt  magnet  to  the  laminated  yoke  Q,  in  one 
direction  from  the  one  pole  and  in  the  opposite  direction  from  the  other. 
The  aluminium  strip  is  traversed  by  some  of  these  lines  and  in  different 
directions  from  the  diiferent  poles,  so  that  the  eddies  induced  in  it  are 
opposed  in  direction,  and  the  fields  they  produce  form  rotary  fields  with  the 
adjacent  magnetic  shunt  flux,  exerting  a  small  driving  torque  on  the  disc  A. 
With  an  exact  symmetrical  position  of  the  strip  relatively  to  the  air-gap 
between  the  poles,  these  two  rotary  fields  will  he  equal  and  opposite,  and 
their  resultant  effect  on  the  disc  A  will  be  zero.  By  displacing  the  strip  to 
a  greater  or  less  extent  to  the  left  or  right,  a  positive  or  negative  turning 

movement  of  definite  magnitude  is 
obtained,  and  is  used  to  compensate 
for  friction,  or  for  any  other  similar 
disturbing  influences. 

The  Siemens-Schuckert  Single- 
phase  Induction  Meter,  type  W.B..J., 
for  inductive  and  non-inductive  loads, 
is  illustrated  in  Fig.  121.  The  re- 
volving element  of  the  meter  consists 
of  a  light  aluminium  disc  mounted 
on  a  vertical  spindle  provided  with  a 
worm,  through  which  the  revolutions 
of  the  disc  are  transferred  to  an 
integrating  train.  Rotation  is  pro- 
duced by  a  stationary  main  current 
coil  and  a  pair  of  stationary  potential 
coils.  By  means  of  an  impedance 
coil  and  a  non-inductive  resistance 
in  series  with  the  pressure  circuit 
of  the  meter,the  angle  of  phase  differ- 
ence  between  the  series  and  shunt 

fluxes  can  be  adjusted  to  ^    when  the  meter  is  operating  on  a  load  of  unity 

power  factor.  The  main  current  coil  contains  no  iron,  and  is  arranged  under 
the  armature  disc  with  its  plane  parallel  to  it,  and  in  close  proximity  to  its 
edge.  It  is  situated  near  the  poles  of  the  shunt  field  magnet,  and  at  the  back 
of  the  same.  The  two  potential  coils  are  wound  on  the  limbs  of  a  laminated 
iron  magnet,  having  a  nearly  closed  magnetic  circuit,  with  just  sufficient  space 
between  the  right-hand  limb  and  the  lower  yoke  for  the  armature  disc  to 
rotate  freely.  Attached  to  the  left-hand  limb  of  the  shunt  magnet  is  a 
movable  arm  with  a  piece  of  iron.  It  is  placed  above  the  armature  disc,  and 
can  be  moved  nearer  to  or  further  away  from  the  poles  of  the  shunt  magnet 
to  compensate  for  the  friction  of  the  nieter  at  light  loads.  According  to  its 
position  it  produces  a  more  or  less  powerful  rotation  of  the  armature  disc  by 
its  attraction  of  the  eddy  currents  induced  in  the  disc  by  the  shunt  magnet. 
The  armature  rotates  between  the  poles  of  a  permanent  magnet,  and  thus 
also  acts  as  a  Foucault  brake.  The  permanent  magnet  can  also  be  adjusted 
relatively  to  the   disc   to  alter  the  speed  of   the  meter,  if   necessary.     For 
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purely  non-inductive  loads,  as  incandescent   lamps,  the  construction  of   the 
meter  is  simplified,  in  which  case  the  inductance  coil  is  not  used. 

The  Siemens-Schuckcrt  Werke  also  manufacture  an  induction  motor  meter, 
type  W,  on  the  Ferraris  principle,  with  a  symmetrical  arrangement  of  the 
magnetic  and  electrical  system.  The  meter  is  represented  diagrammatically  in 
Fig.  122.  The  stator  a  is  built  up 
of  thin  iron  sheets  and  has  four 
inwardly  projecting  poles,  of  which 
e  e  are  wound  with  the  two  pressure 
coils,  while  the  poles//  are  energised 
by  the  two  main  current  coils.  A 
light  pivoted  aluminium  drum  h 
forms  the  armature  or  rotor  of  the 
motor.  It  surrounds  the  fixed  iron 
core  c,  and  revolves  in  the  air-gap 
between  the  pole-pieces  and  the 
iron  core  under  the  action  of  the 
rotary  magnetic  field  w^hich  is  pro- 
duced by  the  shunt  and  series  fluxes. 
The  brake  system  is  situated  above 
the  motor,  and  is  composed  of  tw^o 
sets  of  magnets  and  an  aluminium 
brake  disc,  ribbed  to  increase  its 
rigidity.  The  phase  displacement 
of  90  degrees,  when  the  current 
and  E.M.F.  are  in  phase,  is  obtained 
by  a  special  arrangement  of  the 
pressure  coils  of  the  meter  and 
three  non-inductive  resistances,  so 
as  to  form  a  Wheatstone's  bridge, 
together  with  a  resistance  coil  in 
series  with  the  bridge. 

The  method  will  be  understood  by  reference  to  the  vector  diagram  in 
Fig.  123,  and  to  the  diagram  of  connections  of  the  electrical  circuits  of  the 
meter  given  in  Fig.  124.  In  the  latter,  M^  and  Mg  are  the  main  current 
coils,  and  A  B  and  C  D  are  the  two  pressure  windings  of  the  meter.  A  D, 
D  B,  and  B  C  represent  the  non-inductive  resistances,  forming  with  the  shunt 
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coils  A  B  and  C  D  the  Wheatstone's  bridge,  which  is  connected  in  series  with 
the  inductance  coil  I,  and  E  and  F  are  the  pressure  terminals.  The  shunt 
flux  is  created  by  the  coils  AB  and  CD;  and  its  intensity  can  be  varied  by 
altering  the  resistances  of  the  two  branches  AD  and  BC,\vhicli  are  equal  to 
one  another.  The  greater  these  resistances,  the  more  intense  will  be  the 
shunt   fields,   and   the   sensitiveness  of   the    meter   will   be   correspondingly 
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increased.  The  phase  adjustment  is  made  by  varying  the  diagonal  resistance 
BD.  Increasing  the  resistance  of  this  branch  circuit  will  produce  a 
diminution  in  the  phase  angle  below  90°,  and  by  increasing  its  resistance  the 
phase  displacement  will  be  varied  above  this  amount. 
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If  Cj  and  C.2  denote  the  currents  in  the  pressure  coils  A  B  and  C  D,  and  the 
currents  in  the  branches  A  D,  D  B,  and  B  C  be  severally  c^  and  c-  and  c^ ,  and, 
lastly,  assuming  c   to   be    the  total    pressure   current   flowing   through    the 

impedance  coil  I,  then 

^1  =  ^4  +  %  •  W- 

^2  =  ^  +  ^5  •         (")• 

also      r  =  Ci  +  Co     and     c  =  c^  +  c 


=  ^1  +  ^3 

It  thus  follows  that 
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It  is  arranged  that 


(iii). 


c^  =  Cj^    and,  therefore, 


so  that 


C=2C4  +  C5. 


meter, 
rent  r 


Fig.  125. 


Tlic   currents 


l^E   and 


BH. 


In  the  vector  diagram,  Fig.  123,  AB 
represents  the  voltage  across  one  pres- 
sure coil,  BC  the  voltage  across  one 
lateral  resistance  of  the  bridge,  and 
BD  is  the  voltage  across  the  ends  of 
the  diagonal  resistance.  The  voltage 
across  the  inductance  coil  is  given 
by  C  F,  and  A  F  denotes  the  pressure 
across  the  pressure  circuit  E  F  of  the 
Cj  =  BG    together   combine  to  the  cur- 


which  is  displaced  by  an  angle  0  relatively  to  its  pressure 
AB.  The  total  current  of  the  bridge,  c  =  BK,  is  obtained  from  65  =  BE 
and  2^4  =  BL.  As  now  the  current  c^  =  BH  is  to  be  at  right  angles  to  the 
terminal  pressure,  the  direction  AF  is  given  perpendicular  to  BH.  To 
complete  the  diagram,  tlie  pressure  between  the  terminals  of  the  impedance  coil 
1  nnist  be  included,  and  is  represented  by  the  length  C  F.  As  will  be  seen 
from  tlie  diagram,  the  pressure  C  F  is  displaced  relatively  to  the  total  shunt 
current  (;  =  BK  by  an  angle  j/^<90°,  so  that  the  desired  result  can  be 
accurately  obtained.    In  the  meter  (Fig.  125)  the  non-inductive  resistances  and 
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the  impedance  coil  are  combined  together  and    mounted  in  the  instrument 
above  the  terminals. 

The  friction  of  the  revolving  element  is  to  a  great  extent  eliminated  by 
means  of  a  special  contrivance,  termed  a  vibrator.  The  jewel  footstep -bearing- 
is  supported  on  a  spring,  attached  to  which  is  a  small  iron  armature,  which  is 
kept  in  a  vibratory  condition  by  the  alternate  attractions  and  repulsions  exerted 
on  it  by  the  poles  of  an  alternating  current  magnet  placed  beneath  it.  This 
trembling  action  of  the  whole  moving  system  overcomes  the  static  frictional 
resistance  to  motion,  and  facilitates  the  starting  of  the  meter,  which  will  com- 
mence registering  with  a  load  of  one-quarter  of  1  per  cent,  of  its  maximum 
capacity,  and  which  does  not  run  on  the  shunt  with  a  20  per  cent,  increase  in 
the  voltage  above  the  normal. 

An  auxiliary  starting  torque  may  be  obtained  by  displacing  the  stationary 
iron  core  of  the  motor  with  respect  to  the  poles  for  the  adjustment  for  friction 
on  light  loads.  The  core  is  notched  at  the  opposite  ends  of  a  diameter,  and, 
in  the  symmetrical  position  in  which  these  notches  are  exactly  opposite  the 
shunt  pole-pieces,  no  effect  is  produced.  When  the  core  is  turned  out  of  this 
position,  so  that  the  notches  are  in  an  unsymmetrical  position  as  regards  the 
shunt  poles,  they  will  exert  on  the  aluminium  drum  a  turning  moment  which 
will  supplement  or  oppose  the  driving  torque  according  to  the  direction  in 
which  the  core  is  turned. 

The  above  types  are,  however,  being  superseded  by  a  very  simple  induction 
meter,  which  has  recently  been  introduced  by  the  Siemens- Schuckert  Werke. 
This  new  meter,  type  W^,  is  suitable  for  both  non-inductive  and  inductive 
circuits,  and  no  choking  coil  is  used.  Its  construction  and  operation  will  be 
followed  from  Figs.  126  and  127,  of  which  the  former  represents  a  front  eleva- 
tion of  the  meter,  and  the  latter  is  a  diagram  of  the  connections  of  its 
circuits. 

The  driving  torque  exerted  on  the  aluminium  disc  S  is  due  to  the  fields 
produced  by  the  two  main  current  coils  Hj  and  H^  and  the  pressure  coil  N, 
all  of  which  are  mounted  on  the  three-limbed  electro-magnet  E. 

The  magnetic  circuit  of  the  shinit  magnet  is  closed  through  the  top  yoke 
and  the  case  of  the  meter.  The  shimt  coil  N  is  wound  in  two  sections,  as  is 
very  clearly  shown  in  the  illustrations.  The  upper,  smaller,  section  (Fig.  127) 
consists  of  two  portions,  of  which  the  one  is  oppositely  wound  to  the  remaining 
windings  of  the  coil  and  is  connected  to  a  non-inductive  resistance  V,  forming 
a  parallel  circuit  to  the  other  half  of  this  section.  By  suitably  adjusting  the 
non-inductive  resistance  V,  exact  quadrature  between  the  resultant  shunt  flux 
and  the  main  ciirrent  field,  when  the  load  is  non-inductive,  is  obtained,  and  the 
meter  reads  correctly  whether  the  current  be  in  or  out  of  phase  with  the 
pressure. 

The  flux  produced  by  the  pressure  current  in  the  uppermost  windings  in 
series  with  V  (Fig.  127)  is  exactly  180°  out  of  phase  with  this  current,  as  this 
part  of  the  shunt  coil  is  oppositely  wound  to  the  remainder.  The  total  shunt 
current  flows  through  the  lower  section  of  the  shunt  coil,  and,  at  its  junction 
with  the  upper  section,  gives  rise  to  two  components,  of  which  the  one 
circulates  roimd  the  lower  winding  of  this  section  and  the  other  round  the 
winding  in  series  with  the  non-inductive  resistance.  With  the  above  con- 
siderations no  difliculty  will  be  experienced  in  drawing  the  vector  diagram  of 
the  meter.  , 

The  retarding  torque  is  produced  by  the  rotation  of  the  same  disc  S 
between  the  poles  of  the  permanent  magnet  B.     The  revolutions  of  the  meter 
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spindle  A  are  conveyed  through  the  worm  0  and  the  worm  wheel  P  to  the  jump 
cyclometer  counter  Z,  which  is  described  in  Chapter  XIII.  The  friction  com- 
pensation consists  of  a  small  piece  of  iron  adjustably  fixed  to  a  bracket  above 
the  armature  disc  and  close  to  the  pole  of  the  shunt  magnet. 

By  altering  the  position  of  this  iron  shading  piece  relatively  to  the  shimt 
pole  the  speed  of  the  meter  at  light  loads  can  be  accelerated  or  retarded.  The 
arrangement  of  the  terminals  is  shown  in  Fig.  126,  from  which  it  will  be  seen 
that  the  pressure  circuit  of  the  meter  is  easily  isolated  for  testing  purposes 


without  having  to  remove  the  main  meter  cover.  To  prevent  damage  during 
transit  the  jewel-bearing  F  can  be  lowered,  and  at  the  same  time  a  spring 
collar  is  raised  and  takes  the  weight  of  the  revolving  element.  The  W2  meter 
is  also  supplied  with  a  trembling  method  of  support  of  the  revolving  element 
similar  to  that  used  in  the  W  type.  It  is  illustrated  diagrammatically  in 
Fig.  128.  The  spindle  A  revolves  on  the  jewel-bearing  F,  mounted  on*^  the 
spring  D,  which  is  fixed  at  one  end  at  X.  This  spring  carries  the  keeper  J 
of  the  small  alternating  current  electro-magnet  U,  which  is  energised  by  the 
pressure   current.     By   means   of    the   alternate   attractions   and   repulsions 
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exerted  on  the  keeper  J,  the  spindle  A  is  kept  in  a  vibratory  condition, 
greatly  reducing  friction,  especially  static  friction,  at  the  moment  when 
the  meter  starts  from  a  state  of  rest  to  one  of  motion. 

The  Deutsch-Russische  Induction  Meter,  made  by  the  Deutsch-Russische 
Electricitatszahler-Gesellschaft,  Germany,  differs  in  many  essential  details 
from  the  majority  of  the  known  types  of  alternating  current  meters  designed 
on  the  principle  of  Ferraris  and  Thomson. 

In  these  cases  the  driving  torque  is  produced  by  magnetic  fields  arranged 
symmetrically  or  asymmetrically  to  the  axis,  and  is  exerted  upon  a  light 
revolvable  disc  or  drum  of  copper  or  aluminium,  which,  in  the  generality  of 
cases,  also  acts  as  a  brake  at  the  same  time,  in  connection  with  one  or  more 
permanent  magnets.  In  the  Deutsch-Russische  meter  the  rotating  body 
driven  by  the  shunt  and  series  systems  consists  of  a  light  iron  ring  which  is 


Fig.  127. 


built  up  of  a  series  of  tlnn  annular  discs  and  has  wound  upon  it  a  short- 
circuited  copper  coil.  The  ring  is  situated  below  the  poles  of  the  shunt 
magnet,  as  in  this  position,  when  under  load,  the  whole  revolving  system 
partially  floats,  whereby  bearing  friction  is  materially  diminished. 

The  shunt  magnet  and  ring  are  placed  symmetrically  between  the  two 
series  coils,  as  will  be  readily  seen  from  the  view  of  the  instrument  with  the 
cover  removed  given  in  Fig.  129.  Only  a  small  amount  of  iron  is  used  in  the 
shunt  field,  and  none  at  all  in  the  main  current  coils,  so  as  to  exclude  the 
choking  effect  of  the  iron  from  the  same.  An  aluminium  disc  carried  on  the 
lower  extremity  of  the  meter  spindle  rotates  between  the  poles  of  one  or  more 
permanent  magnets  and  constitutes  the  P^oucault  brake.  With  this  arrange- 
ment the  permanent  magnets  are  placed  well  beyond  the  disturV)ing  influence 
of  the  varying  fields  produced  by  the  shunt  and  main  currents.  The  con- 
struction of  the  meter  is  shown  more  in  detail  in  the  plan  aijd  side 
elevation  in  Figs.   130  and   1-31   respectively.      H^  and  H.,  are  the  two  main 
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current  coils ;  they  are  rigidly  fixed  to  the  meter  base  and  contain  no  iron. 
In  between  them^  is  situated  the  laminated  shunt  magnet  J,  the  vertical 
limbs  of  which  support  the  two  shunt  coils  N^  and  Ng.  Below  the  poles  of 
the  horseshoe  magnet  is  the  iron  armature  ring  R,  carried  on  the  vertical 
spindle  C,  on  the  lower  part  of  which  is  mounted  the  aluminium  brake  disc  A 
rotating  between  the  poles  of  the  permanent  magnet  M.  The  revolutions  of 
the  meter  are  transferred  by  means  of  the  worm  S  to  the  counter  Z  having 
jumping  figures.  The  lines  of  force  of  the  shunt  magnet,  the  current  in  the 
coils  of  which  lags  behind  the  voltage  of  supply,  traverse  in  semicircular 
paths  the  iron  ring  of  the  rotating  armature  from  one  pole  to  the  other,  and 
this  flux  takes  place  in  the  magnetic  field  of  the  main  current  coils,  which 


Fig.  129. 


field  is  slightly  distorted  by  the  iron  ring,  as  in  a  gramme  ring  armature,  but 
otherwise  extends  in  straight  lines  from  coil  to  coil. 

The  two  magnetic  fields  are  in  one  plane  and  cross  one  another,  but  do 
not  cut  the  revolving  element  at  right  angles  to  the  plane  of  rotation, 
as  on  the  Ferraris  and  Thomson  principle. 

The  90  degrees  displacement  between  the  shunt  and  series  fluxes,  when  the 
load  is  non-inductive,  is  obtained  by  the  employment  in  the  pressure  circuit 
of  the  reactance  coil  DD  in  conjunction  witli  a  non-inductive  resistance 
V  W. 

The  two  main  current  coils  are  connected  in  series  to  the  main  current 
terminals  of  the  meter,  as  clearly  shown  in  the  illustration.  The  pressure 
circuit  of  the  meter  consists  of  two  parallel  branches.     The  two  shunt  coils 
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are  in  series  with  one  of  the  two  windings  of  the  choking  coil,  and  this 
circuit  is  placed  in  parallel  with  the  second  circuit  comprising  the  remaining 
winding  of  the  choking  coil  in  series  with  the  non-inductive  resistance.  The 
shunt  current  in  the  meter  divides  into  two  portions,  of  which  the  one 
traverses  the  shunt  coils  and  one  reactance  coil,  and  the  other  flows  through 
the  second  reactance  coil  in  series  with  the  non-inductive  resistance.  By 
suitably  adjusting  these  two  branches  the  desired  phase  relationship  will  be 
obtained. 


(S^Q^Q^^^S^ 


Fig.  130. 


The  speed  of  the  meter  at  full  load  is  regulated  in  the  usual  manner  by 
adjusting  the  brake  field. 

The  friction  compensating  device  consists  of  a  small  iron  stirrup  E  placed 
below  and  on  one  side  of  the  armature  ring  R.  It  is  pivoted  to  one  of  the 
pole-pieces  of  the  shunt  magnet  J  by  means  of  paramagnetic  material.  The 
method  of  adjustment  on  light  loads  is  exceedingly  simple  and  can  be  per- 
formed with  the  meter  in  position  without  imsealing  the  meter  cover.  This 
starting  control  is  separately  illustrated  in  Figs.  132,  133,  and  134.  On  the 
meter  cover  K  (Fig.  134)  is  a  small  pivoted  lever  Y,  which  can  be  independ- 
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ently  sealed.     By  displacing  the  lever,  access  is  obtained  to  the  screw  X,  which 
carries  a  pinion  gearing  with  a  toothed  sector  T.     When  the  screw  is  turned, 


Fig.  131. 


Fig.  133. 


E  is  moved  to  the  right  or  to  the  left  through  the  sector  T,  and  with  the  ring  R 

exerts  a  supplemental  torque  on  the  one  side 
of  it.  This  auxiliary  turning  moment  either 
assists  or  is  in  opposition  to  the  driving  torque 
exerted  on  the  ring,  and  so  either  augments  or 
decreases  the  starting  of  the  meter. 

For  purely  non-inductive  loads,  such  as 
incandescent  lamps,  the  meter  is  simplified,  in 
which  case  the  choking  coil  is  dispensed  with. 

The  Mix  &  Genest  Induction  Meter. — 
Messrs  Mix  tt  Genest,  Berlin,  in  their  meter, 
type  A.W.,  for  inductive  and  non-inductive 
loads,  also  obtain  the  90  degrees  phase  displace- 
ment between  tlie  two  fluxes  driving  the  meter 
disc,  when  the  power  factor  of  tlie  circuit  is  unity,  by  means  of  a  non-inductive 
resistance  and  a  reactance  coil  in  the  pressure  circuit.    The  meter  is  illustrated 
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in  Fig.  135.  The  stator  consists  of  two  main  current  coils,  containing  iron,  and 
a  shunt  magnet,  energised  by  one  pressure  coil,  and  having  an  ahuost  closed 
magnetic  circuit  but  for  the  narrow  air-gap  in  which  the  ahnninium  disc  rotates. 
The  plane  of  the  shunt  magnet  is  perpendicular  to  that  of  the  main  current 
magnet. 

An  impedance  coil  is  used  in  the  pressure  circuit,  and  is  connected  in  series 
with  the  adjustable  non-inductive  resistance  and  the  shunt  coil. 

The  disc  rotates  between  the  poles  of  two  adjustable  permanent  magnets, 
and  the  revolutions  of  the  spindle  are  conveyed  to  an  int^egrating  train  in  the 
usual  manner.  The  pressure  circuit  of  the  meter  is  specially  well  sub- 
divided, and  by  the  use  of  two  slunit  terminals  it  can  l)e  easily  isolated  from 
the  main  circuit  without  disturbing  the  main  cover.  A  high  driving  torque 
per  unit  weight  of  the  armature  is  obtained  in  this  meter,  amounting  to  very 
nearly  2-86  mm.-grms.  per  gm.  of  the  revolving  element,  as  will  be  seen  from 
the  figures  given  in  Table  III.  on  page  14. 

The  Hookham  Alternating  Ciurent 
Meter,  for  non-inductive  loads  only,  is 
illustrated  in  Fig.  136. 

A  is  the  aluminium  disc,  which  is 
rotated  by  the  fields  produced  by  one 
pressure  and  two  main  current  coils.  It 
is  carried  on  the  vertical  spindle  B,  which 
rests  in  a  lower  jewel-bearing  C.  The 
pressure  coil  E  is  wound  on  an  iron 
magnet  D,  and  the  main  current  coils 
consist  of  two  flat  spiral  coils  F  joined 
together  in  series,  and  placed  between 
the  poles  of  the  shunt  magnet  and  below 
the  armature  disc  A. 

In  the  front  view  given  of  the  instru- 
ment only  one  main  current  coil  can 
be  seen,  as  the  other  is 'situated  behind 
it.  The  work  done  by  the  meter  is 
absorbed   in    the   eddies    induced    in    the 

revolving  disc  A  by  the  permanent  magnet  on  the  right.  The  dials  register 
direct  in  units  and  are  driven  in  the  usual  manner  from  the  meter  spindle. 
The  iipper  poles  GG  of  the  magnet  D  are  adjustable,  and  may  be  either  raised 
or  lowered  to  effect  the  friction  compensation  of  the  meter  at  light  loads. 

The  Westinghouse  Induction  Watt-hour  Meter  is  the  representative  type 
of  those  alternating  current  meters  for  inductive  loads  in  which  the  phase 
compensation  is  secured  by  the  employment  of  a  closed  secondary  winding  on 
the  shunt  electro-magnet.  The  pressure  circuit  of  the  meter  is  made  highly 
inductive,  so  that  the  shunt  current  and  the  shunt  flux,  to  which  it  gives  rise, 
lag  behind  the  impressed  E.M.F.  by  a  considerable  angle,  which,  however,  is 
always  less  than  a  right  angle.  This  angle  is  artificially  increased  to  90 
degrees  by  means  of  the  secondary  winding,  in  wdiich  is  induced  a  secondary 
current  producing  a  flux  lagging  behind  the  shunt  current  by  an  angle  greater 
than  90  degrees.  These  two  fluxes  combine  to  a  resultant  shunt  flux,  and  by 
properly  adjusting  the  conductivity  of  the  secondary  circuit  this  resultant 
flux  will  be  displaced  by  a  right  angle  from  the  impressed  E.M.F.  or  the  main 
current  flux  when  the  load  is  non-inductive.  The  meter  then  registers 
correctly  at  all  power  factors. 


Fig.  135. 
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Fig.  137  is  a  vector  diagram  showing  the  relationship  between  the  different 

magnetic  fields  of  the  meter. 

0  E  represents  in  magnitude  and  direction  the  impressed  K.M.F.,  and  0  S 
is  the  shunt  current  producing  the  shunt  flux  0  Fp  practically  in  phase  with 
0  S,  and  lagging  behind  0  E  by  an  angle  6  equal  to 
80°  or  85°.  OC  is  the  current  in  the  secondary 
circuit,  and  0  Eg  is  the  flux  to  which  it  gives  rise, 
and  which  lags  behind  0  F  by  an  angle  greater 
than  a  right  angle.  OF  is  the  resultant  of  0  F^ 
and  0  F2  at  right  angles  to  0  E.  0  B  is  the  main 
current,  assumed  leading  in  advance  of  the  E.M.F. 
OE  by  an  angle  </>,  and  OA  is  the  main  current 
flux,  very  nearly  in  phase  with  0  B.  The  torque 
exerted  on  the  revolving  armature  disc  by  these 
two  fields  is  proportional  to  their  product  multi- 
plied by  the  sine  of  the  angle  of  phase  difference 
between  them.  This  angle,  with  the  above  con- 
ditions of  exact  quadrature  fulfilled,  is  90°  +  ^,  and 
its  sine  is  equal  to  cos  <^,  the  power  factor  of  the 
circuit.  The  shunt  flux  is  proportional  to  E,  the  impressed  E.M.F.,  and  the 
main  current  flux  is  proportional  to  the  main  current  C.  The  result  is,  that 
the  torque  is  proportional  to  E.G.  cos  <^,  the  true  power  in  the  circuit,  and  the 


Fig.  137. 


Fl.:.  138. 

revolutions  of  the  meter  disc  executed  in  a  given  time  will  be  directly  pro- 
portional to  the  true  energy  delivered  in  that  time. 

Fig.   138  is  a  view  of  the  Westinghouse  meter,   'Round'  type,  with  the 
cover   open.       The    revolving   element   consists   of   a   light   aluminium    disc 
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mounted  on  a  short  vertical  spindle,  the  upper  end  of  which  drives  the 
integrating  train  in  the  usual  manner,  while  the  lower  end  runs  in  a  jewel 
step-bearing.  The  meter  dials  register  direct  in  Board  of  Trade  units  without 
the  use  of  a  multiplier  or  constant.  The  rotation  of  the  disc  is  produced  by 
means  of  a  shunt  and  series  system  illustrated  diagrammatically  in  Fig.  139. 
The  shunt  and  series  coils  are  wound  on  an  electro-magnet  having  a  double 
magnetic  circuit  with  a  horizontal  air-gap  H,  in  which  rotates  the  armature 
disc  A,  and  with  the  two  upper  poles  separated  by  a  small  vertical  gap  V. 
The  shunt  or  pressure  winding  consists  of  two  coils  S  S,  one  on  each  limb  of 
the  electro-magnet,  and  it  is  connected  in  series  with  an  impedance  coil  I  of 
fine  wire,  wound  on  an  iron  core  fixed  in  the  meter  base.  When  the  pressure 
circuit  is  energised  by  an  alternating  current,  two  equal  and  adjacent 
(alternating)  poles  of  opposite  polarity  are  produced,  the  effect  of  the  one 
neutralising  the  effect  of  the  other  as  regards  any  action  on  the  disc.  The  iron 
core  is  magnetised  as  a  simple  ring  by  the  alternating  magnetic  flux,  which 
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Fig.  139. 


for  the  most  part  bridges  the  small  vertical  gap  V,  and  only  a  very  slight 
leakage  takes  place  across  the  gap  H. 

The  series  or  main  current  coil  M  consists  of  a  few  turns  of  thick  insulated 
wire  wound  on  the  lower  pole,  and  is  connected  direct  in  one  of  the  supply 
mains.  When  current  flows  in  this  coil  it  tends  to  pioduce  adjacent  poles  of 
the  same  polarity.  The  result  is,  that  with  both  the  pressure  and  main 
current  coils  energised  the  resultant  flux  in  one  magnetic  circuit  of  the 
electro-magnet  is  the  geometrical  sum,  while  in  the  other  it  is  the  geometrical 
difference  of  the  two  fluxes  due  to  the  pressure  and  current  windings. 

In  this  manner  a  shifting  magnetic  field  of  varying  intensity  is  obtained 
in  the  horizontal  air-gap  H,  producing  rotation  of  the  disc.  The  retarding 
torque  proportional  to  the  speed  is  obtained  by  means  of  a  permanent  magnet, 
between  the  poles  of  which  the  disc  moves. 

C  in  the  diagram  (Fig.  139)  is  a  small  closed  secondary  circuit  for  the 
purpose  of  adjusting  for  running  friction.  In  the  actual  meter,  '  Round ' 
type,  this  consists  of  a  single  turn  of  copper  wire  on  one  limb  of  the  electro- 
magnet (the  right  limb  seen  from  the  front),  and  is  short-circuited  through  a 
piece  of  resistance  wire.     The  effect  of  this  circuit  is  to  slightly  unbalance 
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the  magnetic  fields  in  the  two  lim])s  of  the  electro-niaj^net,  producinj^:  a 
tendency  on  tlie  part  of  the  disc  to  rotate.  Tlie  length  of  the  resistance  wire 
is  then  adjusted  until  this  tendency  is  just  sufficient  to  overcome  the  friction. 
The  secondary  winding,  by  which  the  phase  compensation  is  obtained, 
consists  of  an  equal  number  of  turns  C^  and  C^  i^^^^-  139)>  ^vound  on  each  limb 
of  the  electro-magnet,  connected  in  series,  and  short-circuited  through  a 
resistance  wire  in  the  same  manner  as  in  the  case  of  the  friction  adjustment. 
The  resistance  is  then  regulated  until  the  desired  phase  relationship  between 
the  shunt  and  series  phases  is  obtained. 

Fig.  140  represents  an  interior  view,  with  the  integrating  dial  removed, 
of  the  latest  instrument,  known  as  the  'Sub-A'  meter,  in  which  the  phase 
and  friction  compensations  are  on  the  same  principle  as  those  just  described, 
but  are  somewhat  differently  carried  out.  The  British  Westinghouse  Company, 
TrafFord  Park,  Manchester,  use  four  terminals  in  the  English  meter  instead  of 
^^  three,  as  shown  in  Fig.   140,  which  is  the 

jnk  ^yp6  manufactured   by   the    Westinghouse 

^^     '  Co.,  Pittsburg,   U.S.A.     Two  of  these  ter- 

minals are  for  the  pressure  circuit  and  the 
other  two  for   the    main    current  winding, 


Fio.  140. 


Fig.  141. 


and  one  shunt  and  one  current  terminal  are  connected  together  by  means  of  a 
link,  which  can  be  removed  to  isolate  the  pressure  circuit  for  testing  the  meter. 

Fig.  141  is  an  illustration  of  the  shunt  and  series  electro-magnetic  system 
of  the  'Sub-A'  type,  showing  the  phase  and  friction  compensations.  It 
applies  equally  to  the  two-  and  three-wire  meters,  the  difference  in  the  latter 
case  being  in  connection  with  the  terminal  chamber,  the  external  form  of  the 
meter,  and  that  the  series  coil  is  wound  in  two  sections,  insulated  from  one 
another,  each  section  being  placed  in  one  of  the  outers  of  the  system. 

The  outer  ends  of  the  secondary  windings,  which  consist  of  an  equal 
number  of  turns  on  each  limb  of  the  electro-magnet,  are  brought  to  the 
extremities  of  a  piece  of  resistance  wire,  the  inner  ends  of  the  windings,  or 
those  in  close  proximity  to  each  other,  being  joined  together  and  brought  to  a 
sliding  connector  A  (Figs.  140  and  141),  which  is  set  about  the  middle  of  the 
resistance  wire.  If  the  connector  be  moved  from  the  middle  of  the  wire,  the 
resistance  of  one  half  of  the  secondary  winding  is  increased,  the  other  being 
decreased,  thus   upsetting  the   balance    of   the   magnetic  circuits.      By  this 
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means  the  friction  adjustment  is  obtained.  To  adjust  the  series  and  shunt 
fluxes  to  exact  quadrature  when  the  current  and  E.M.F.  are  in  phase  with 
one  another,  a  resistance  is  inserted  in  the  secondary  windings,  so  as  to  be 
common  to  both  halves  of  the  circuit,  and  the  resistance  is  altered  until  the 
desired  phase  relationship  is  obtained. 

The  speed  control  is  made   by  moving   the    position   of   the    permanent 

magnet  relatively  to  the  rotating  aluminium  disc  D  (Fig.  140).     If  the  magnet 

be  moved  out  from  the  disc,  the  speed  will  be  increased  at  any  given  load, 

and  vice  versa.     The  frequency  adjustment  is  shown  at  B  (Figs.  140  and  141). 

Meters  which  are  sent  out  calibrated  for  circuits  having  a  periodicity  of 

133 J  cycles  per  second 
are  arranged  so  that  they 
may  be  changed  to  60 
cycles  per  second  by 
soldering  together  the  two 
wires  shown  at  B  and 
changing  the  connection 
at  the  rubber  terminal 
block  below"  the  electro- 
magnet to  the  point 
marked  7200.  The  meter 
should  then  be  checked 
and  adjusted  for  speed. 

In  Fig.  142  is  given  a 
diagram  of  connections  of 
the  three-wire  meter. 

All  the  Westinghouse 
meters  are  so  designed 
that,  whatever  the  capa- 
city, the  disc  rotates  at 
the  rate  of  50  revolutions 
per  minute  on  full  load, 
and  in  consequence  a 
meter  can  be  readily 
checked  with  a  consider- 
able degree  of  accuracy 
by  observing  the  rate  of 
revolution  of  the  disc 
through  the  window  in 
the  aluminium-zinc  cover. 
The  Aron  Induction 
Motor  Meter,  Fig.  143,  belongs  to  the  class  of  alternating  current  meters 
in  which  the  phase  compensation  is  produced  by  the  use  of  short-circuited 
copper  pieces  surrounding  the  shunt  magnet  poles,  their  number  depending 
on  the  voltage  and  periodicity  of  the  circuit. 

The  driving  torque  is  produced  by  a  rectangular  laminated  shunt  magnet, 
energised  by  two  shunt  coils  carried  on  its  vertical  limbs,  and  a  series  coil 
wound  on  an  iron  core,  which  is  normally  situated  midway  between  the  two 
poles  and  above  the  aluminium  armature  disc.  The  magnetic  circuit  beneath 
the  disc  is  closed  through  a  soft  iron  plate,  which  can  be  displaced  relatively 
to  the  poles.  The  main  current  coil  with  its  core  can  also  be  moved  nearer 
to  either  one  or  other  of  the  two  poles  of  the  magnet  as  desired.     These  two 
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alterations  in  position  of  the  lower  yoke  and  the  series  coil  can  be  used  to 
effect  the  low  load  or  friction  compensation,  the  final  adjustment  of  which  is 
usually  made  with  the  lower  yoke. 

The  retarding  torque  is  obtained  from  the 
action  on  the  same  disc  of  the  permanent  magnet, 
situated  on  the  right  of  the  shunt  and  series 
system.  The  keeper  of  the  permanent  magnet  is 
mounted  on  a  horizontal  support  below  the  disc, 
and  can  be  raised  or  lowered  so  as  to  decrease  or 
increase  the  air-gap  in  which  the  disc  rotates.  In 
this  manner  the  speed  of  the  meter  is  adjusted 
at  the  high  loads  without  altering  the  position  of 
the  brake  magnet.  The  revolutions  of  the  meter 
spindle  are  transferred  in  the  usual  manner  to  the 
integrating  counter,  which  has  springing  figures. 
The  counter  also  has  two  small  dials  in  hundredths 
and  thousandths  of  a  unit  for  testing  purposes,  but 
which  are  not  visible  when  the  case  is  on.  In 
future  patterns  it  is  intended  to  supply  a  small 
window^  through  which  these  dials  can  be  observed 
without  removing  the  cover,  the  window  being 
provided  with  a  small  sliding  cover  of  its  own, 
arranged  so  that  it  can  be  sealed. 

The  '  Bat '  Electricity  Meter  furnishes  another 
example  of  an  induction  meter  suitable  for  both  inductive  and  non-inductive 


Fig.  143. 


Fig.  144. 


Fig.  145. 


loads,  in  which  the  lag  compensation  is  obtained  by  means  of  short-circuited 
rings  of  copper  on  the  poles  of  the  magnet.     A  general  view  of  the  instru- 
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ment  is  shown  in  Fig.  144.  The  revolving  element  consists  of  the  usual  disc 
mounted  on  a  vertical  axle  having  a  worm  to  actuate  the  integrating  train  of 
dials.  The  disc  is  of  hard  drawn  copper  and  is  of  somewhat  unusual  thick- 
ness, the  object  being  to  obtain  not  only  a  high  conductivity  for  electrical 

purposes,  but  to  prevent 
bending  by  shocks  in  tran- 
sit, and  to  resist  the  twist- 
ing action  exerted  on  the 
disc  by  a  short-circuit  cur- 
rent. In  connection  with 
a  permanent  magnet  it  also 
constitutes  the  customary 
magnetic  brake.  The  driv- 
ing torque  is  derived  from 
the  fields  produced  by  six 
coils,  of  which  four  com- 
prise the  main  current  coils 
and  the  remaining  two  are 
the  pressure  coils.  The 
driving  system  used  in  this 
meter  is  separately  illus- 
trated in  Fig.  145.  The 
pressure  coils  are  woinid 
on  the  two  vertical  limbs 
of  a  horseshoe  magnet, 
composed  of  soft  iron 
stampings,  the  pole-pieces 
of  which  are  short-circuited 
by  a  laminated  iron  bridge. 
These  poles  are  ex- 
tended beyond  the  bridge, 
and  each  is  divided  into 
two  halves,  forming  four 
poles  in  all,  upon  which 
are  wound  the  four  main 
current  coils  in  series,  as 
depicted  in  the  illustration. 
The  pole-pieces  also  carry 
the  short-circuited  copper 
rings  already  referred  to. 
With  the  arrangement 
adopted  the  shunt  coils 
have  a  large  self-induction, 
and  by  suitably  adjusting 
the  short-circuited  copper 
rings  the  main  current  and 
pressure  current  fluxes  will 
be  displaced  in  phase  by  90  degrees  when  the  meter  is  registering  on  a  load 
of  unity  power  factor. 

A  characteristic  feature  of  the  meter  is  the  simple  and  efficient  method 
provided  for  adjusting  the  speed  at  top  load  down  to  one- third  of  full  load. 
The  position  of  the  brake  magnet  is  invariable,  and  the  intensity  of  the  brake 
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field   is  altered  hy  increasing  or  decreasing   the   leakage  of    the   permanent 
magnet. 

The  amonnt  of  the  leakage  that  takes  place  is  controlled  by  an  iron  screw 
V,  Fig.  146,  mounted  on  the  base  of  the  meter.  This  screw  is  raised  or 
lowered,  decreasing  or  increasing  the  air-gap  separating  it  from  the  lower  pole 
of  the  magnet.  Screwing  up  V  will  cause  the  meter  to  run  faster,  as  more 
lines  of  force  will,  in  this  manner,  be  shunted  from  the  brake  field  in  which 
the  disc  revolves. 

When  the  adjustment  has  been  finally  accomplished,  any  further  motion 
of  V  is  prevented  by  tightening  the  clamping  screw  S.  For  lower  loads, 
under  one-third  full  load,  the  friction  compensation  is  efiected  by  altering  the 
position  of  the  iron  plate  E  through  the  knob  E^  The  iron  plate  acts  upon 
the  Foucault  currents  in  the  disc,  and  if  moved  forward  will  cause  the  meter 
to  go  faster. 

The  brake  magnet  is  shielded  from  the  disturbing  influence  of  excess 
currents  by  the  casting  which  supports 
the  electrical  elements  of  the  meter. 
This  casting  is  also  furnished  with 
a  tapped  hole  to  receive  the  screw 
which  secures  the  meter  cover  to  the 
base. 

The  Brush-Grutmann  Single-phase 
Induction  Watt-hour  Meter,  manu- 
factured by  the  Sangamo  Electric  Com- 
pany, Spingfield,  Illinois,  U.S.A.  (the 
Brush  Electrical  Engineering  Com- 
pany, London),  embodies  many  novel 
features  in  its  electrical  and  mechani- 
cal design.  A  side  view  of  the  meter 
wdth  the  cover  removed  is  given  in  Fig. 
147.  It  consists  of  a  laminated  shunt 
magnet  and  a  small  pair  of  series  coils, 
the  magnetic  fluxes  of  which  operate 
upon  a  light  aluminium  disc,  slotted  in 
peculiar  spiral  curves.  The  speed  of 
the  disc  is  controlled  by  a  permanent 
magnet  in  the  usual  manner,  and  is 
transferred  to  an  integrating  train  through  a  worm,  constructed  of  a  special 
non-rusting  alloy,  on  the  upper  extremity  of  the  steel  spindle.  The  revolving 
element  is  illustrated  in  Fig.  148,  which  very  clearly  shows  the  driving  worm 
and  these  spiral  slots  of  the  armature,  by  means  of  which  an  increased  torque 
is  claimed  to  be  obtained. 

The  shinit  and  series  motor  system  is  also  given  in  detail  in  Fig.  149.  The 
laminated  steel  magnet  E  is  energised  by  the  shunt  coil  V,  and  is  composed  of 
two  parts,  the  main  magnet  body  and  the  bridge  J.  This  bridge,  or  lower  yoke, 
completes  the  magnetic  circuit  of  the  main  magnet  through  the  front  air-gap, 
in  which  the  armature  disc  rotates,  and  a  second  narrow  gap  at  the  back,  so 
that  it  does  not  make  actual  magnetic  contact  with  any  part  of  the  main 
magnet.  Although  the  two  air-gaps  add  slightly  to  the  resistance  of  the 
main  magnet,  a  large  magnetic  flux  is  obtained  with  a  high  self-induction  of  the 
shunt  coil.  The  bridge  performs  an  important  function  as  regards  the  phase 
compensation  for  inductive  loads.     Almost  surrounding  the  bridge,  except  for 
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a  narrow  gap  on  the  lower  side,  is  the  phase  band,  shown  at  A.  This  consists 
of  a  heavy  copper  strip,  to  which  is  soldered,  on  each  side  of  the  gap,  a  pair 
of  brass  connecting  blocks.  Each  block  is  drilled  through  to  receive  a  No.  1 1 
or  No.  12  wire,  which  spans  the  gap,  and  is  firmly  held  in  position  by  two 
small  set  screws  in  the  blocks. 


Fig.  148. 


For  high  frequency  meters  a  No.  13  copper  wire  is  employed,  while  for 
60  cycles  per  sec.  a  No.  1 1  wire  is  necessary,  as  a  much  lower  resistance  is  then 
required  on  account  of  the  lower  frequency.     In  a  50  cycle  meter  the   loop 

usually  consists  of  a  No.  10  wire, 
and  of  a  No.  9  wire  in  a  40  cycle 
meter. 

When  the  circuit  around  the  yoke, 
composed  of  the  phase  band  A  and  a 
loop  of  wire  L,  is  thus  complete,  the 
secondary  current  induced  in  it,  pro- 
vided it  is  of  the  correct  resistance, 
reacts  upon  the  shunt  field  just 
enough  to  cause  it  to  be  in  quadrature 
with  the  main  current  flux  when  the 
E.M.F.  and  the  current  are  in  phase, 
and  the  meter  speed  will  be  propor- 
tional to  the  true  power  under  all 
conditions  of  load.  The  loop  of  wire 
to  bridge  the  gap  is  long  enough  to 
aflFord  a  wide  range  of  adjustment 
in  setting  the  meter  for  inductive 
loads.  The  necessary  alteration  is 
easily  made  by  sliding  the  phase  loop 
in  or  out  of  the  l)locks,  and,  further, 
by  using  loops  of  different  size. 
If  the  meter  be  found  to  run  faster  on  an  inductive  load  than  on  a  non- 
inductive  one  absorbing  the  same  power,  tlie  loop  must  be  moved  further  out, 
that  is,  its  length  must  be  increased,  or  a  smaller  wire  must  be  used.  The 
phase  band  is  clamped  in  position  on  the  bridge  by  the  small  brass  screw  B, 
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and  its  position  has  a  decided  effect  upon  the  speed  of  the  meter  on  Hght 
loads,  and  particularly  at  low  frequencies.  When  the  band  is  near  the  front 
end  of  the  bridge  the  meter  will  tend  to  run  slow,  and  with  the  band  further 
back  it  will  run  faster  on  light  loads,  so  that  it  is  of  importance  to  firmly 
tighten  down  the  holding  screw  after  the  adjustment  has  been  made.  This 
effect  of  the  phase  compensation  may  sometimes  be  useful  in  aiding  the 
friction  device,  to  be  explained  later  on.  As  a  general  rule,  the  phase  band  is 
best  clamped  at  the  back  end  of  the  bridge  after  the  phase  loop  has  been  set. 

Two  series  coils  are  used  in  this  meter,  and  are  held  in  small  aluminium 
clamps  firmly  screwed  to  the  main  bracket  D  D,  which  supports  the  shunt 
and  series  system.  As  they  have  only  a  few  turns,  no  inductive  drop  is 
caused  in  the  main  circuit  with  a  heavy  load. 

In  Fig.  150,  which  is  another  side  view  of  the  meter,  is  shown  the  method 
of  supporting  the  permanent  magnet  G.  It  is  held  in  an  aluminium  clamp  C, 
which  is  fastened  by  two  screws  to  the 
bracket  at  M.  The  near  screw  acts 
as  a  pivot  and  is  fixed,  while  the  front 
one  moves  in  a  long  slot,  so  that  the 
magnet  jaws  can  be  swung  in  or  out 
relatively  to  the  disc.  The  greatest 
damping  effect  is  obtained  when  the 
outer  edge  of  the  magnet  is  just  above 
the  edge  of  the  disc. 

The  light  load  adjustment  is  made 
by  means  of  a  special  friction  device, 
consisting  of  a  long  strip  of  japanned 
steel.  It  is  secured  to  the  inner  side  of 
the  laminated  magnet  at  the  top,  and 
terminates  in  a  foot  at  its  lower  end,  as 
shown  at  F  in  Fig.  149,  so  as  to  present 
a  larger  surface  for  the  leakage  of  the 
lines  through  the  disc  and  back  through 
the  bridge  beneath.  Near  its  upper 
end  the  compensation  piece  has  a  small 
slot  through  which  passes  the  screw 
T  (Fig.  149),  by  means  of  which  and 
the  rectangular  brass  nut  N  (Fig.  150) 

it  is  tightly  clamped  against  the  magnet.  The  strij)  is  raised  or  lowered 
by  means  of  the  adjusting  screw  R  (Fig.  150),  which  works  vertically  against 
the  fixed  nut  N,  and  passes  through  the  small  nut  P  to  which  the  strip 
is  soldered.  The  friction  compensation  is  effected  by  raising  or  lowering  the 
strip,  or  by  rotating  the  foot  round  T  as  axis,  and  rotating  it  forward  will 
retard  the  speed  of  the  disc.  The  most  sensitive  method  is  to  lower  the  strip 
until  its  foot  is  near  the  disc,  when  a  slight  lateral  movement  will  produce  a 
marked  effect  on  the  speed  at  light  loads. 

In  this  company's  small  capacity  three-wire  meter,  which  consists  practically 
of  two  meters  in  one,  the  low^er  series  coil  is  connected  in  one  side  of  the 
system  and  the  upper  coil  in  the  other  side,  with  the  full  difference  of 
potential  between  them.  The  shunt  has  in  this  case,  as  in  their  220 
voltmeters,  a  reactance  in  series  with  it,  and  is  connected  across  the 
outers. 

In  their  three-wire  meter  for  circuits  taking  above  50  amperes  per  side 
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a  three-wire  series  transformer  is  used,  and  the  shunt  is  connected  between 
one  outer  and  the  middle  wire. 

The  Ferranti-Hamilton  Induction  Meter. — A  special  feature  of 
the  Ferranti-Hamilton  induction  meter,  illustrated  in  Fig.  151,  is  its  com- 
bination of  a  sound  mechanical  construction  with  a  simple  electrical  design. 
The  parts  of  the  meter  are  carried  on  a  vertical  gun-metal  frame  screwed 
to  the  cast-iron  case,  from  which  they  can  be  easily  lifted.  The  terminal 
box  is  also  well  arranged  and  is  placed  on  the  top  of  the  meter.  It  is 
provided  with  two  main  current  and  two  shunt  terminals,  one  of  the 
latter    of    which    is    connected   through   a   small    copper   hook    to   a    main 

current  terminal,  and  can  be 
readily  disconnected  from  it 
without  opening  the  main  cover. 
This  is  an  important  considera- 
tion in  testing  a  number  of 
meters  in  series,  in  which  case 
the  shunts  must  be  isolated  from 
the  main  current  terminals  to 
which  they  are  connected,  and 
are  all  placed  in  parallel  across 
the  testing  circuit,  the  main 
current  coils  of  the  various 
meters  being  joined  together  in 
series. 

The  working  of  the  meter 
will  be  understood  by  reference 
to  the  sectional  drawings  given 
in  Fig.  152. 

The  revolving  element  con- 
sists of  a  light  aluminium  disc 
D  mounted  on  a  vertical  spindle 
S,  which  rests  on  a  jewel,  set  in 
a  removable  jewel-screw  J. 

It  rotates  in  the  air-gap 
separating  the  shunt  and  series 
magnets,  and  between  tlie  poles 
of  the  two  permanent  magnets 
PM,  which  are  situated  at  the 
back  of  the  meter  and  produce 
the  retarding  torque.  The 
spindle  is  geared  to  the  w^heel  train  C  T  actuating  the  index  hands,  which 
read  direct  in  B.O.T.  units.  Below  the  armature  disc  is  the  shunt  tubular 
magnet  T  M,  having  an  internal  core  C,  upon  which  is  wound  the  shunt 
coil  Sh.C.  The  shell  of  the  tubular  magnet  has  four  inwardly  projecting 
radial  poles  P^ ,  which  alternate  with  the  outward  radial  poles  Pg  of  the 
magnet  core.  These  two  parts  of  the  magnet  are  separately  shown  in 
Fig.  153. 

No  choking  coil  and  resistances  are  necessary,  as  the  type  of  magnet  used 
provides  a  highly  inductive  shunt  circuit. 

Iron  washers  VV,  surrounding  the  shunt  magnet,  are  used  to  adjust  the 
meter  on  different  frequencies,  and  the  lower  the  frequency  the  more  washers 
are  required.     They  also  constitute  the  lag  compensation  for  producing  the 
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desired  phase  displacement  between  the  series  and   shunt  fluxes    when  the 
E.M.F.  and  current  are  in  phase. 


Fig.  152. 


a  slotted  armature  S  A,  which 


The  series  coils  SeC  are  wound  in  the  slots  of 
is   adjustably  mounted  above 
the   disc   and    is   fixed    by   a 
strong    clamp    CL    and     the 
screws  S^ ,  S., ,  and  S3 . 

The  wave  form  of  winding 
of  the  series  coil  is  illustrated 
in  Fig.  154,  and  is  similar  to 
that  adopted  in  the  Ferranti 
alternator  of  1884.  The  shunt 
and  series  magnets  are  slightly 
imsymmetrically  placed  in  re- 
lation to  one  another,  the  slots 
of  the  series  armature  not 
being  exactly  above  the  poles 
of  the  tubular  magnet.  The 
object  is  to  obtain  a  slight  torque  on  the  shunt  alone,  so  as  to  compensate  for 
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the  friction  of  the  index  train  and  bearings,  and  for  any  want  of  synniietry  in 
the  magnetic  circuits. 

The  friction  compensation  on  light  loads  is  easily  effected  by  turning  the 
series  armature  about  the  axis  of  rotation  of  the  disc  by  means  of  the  two 
screws  Sj  and  Sg.  If  the  series  magnet  be  displaced  clockwise  the  disc  will 
tend  to  revolve  in  the  opposite  direction,  and  tiirning  the  series  magnet 
counter-clockwise  will  tend  to  produce  a  clockwise  rotation  of  the  disc.     With 

the   maximum   possible    displacement    of    the 
j^  ^^  series   armature   the  torque  obtained  is  small 

^^^V  O^^^  when  the  shunt  only  is  energised,  so  that  the 

^^  ^^^^        tendency  to  creep  is   remote.     The    speed   at 

^r  '  ^^       full  load  is  also  readily  adjusted  by  decreasing 

¥  ^^      or  increasing  the  distance  of  the  series  armature 

I  ^^^^         above  the  disc  by  means  of   the  nut  N  (Fig. 

^^         ■■'*^S^  /~^^  152).     This  action  strengthens  or  weakens  the 

^^^  ^Z^4/L\  "VT'l  fields,  and  when  the  adjustment  has  been  accom- 

plished the  series  magnet  is  firmly  clamped  by 
CL  and  the  screw  S3 .     To  facilitate  checking,  a 
standard  speed  of  40  revolutions  per  minute  at 
Fig.  154.  full  load  is  adopted,  irrespective  of  the  capacity 

of  the  meter. 
The  Fort  Wayne  Single-phase  Induction  Meters. — In  Fig.  155  are  shown 
front  and  side  views  of  the  induction  meter,  type  K,  manufactured  by  the 
Fort  Wayne  Electric  Works,  Fort  Wayne,  Indiana,  U.S.A.  The  revolving- 
element  consists  of  a  light  steel  shaft,  which  carries,  by  means  of  ribbed  arms, 
an    aluminium   armature    cylinder.     It   rotates   between   the   poles    of    the 


Fig.  155. 


permanent  magnet,  held  in  position  on  the  front  of  the  lower  bracket  by  a 
brass  clamp.  The  magnet  is  adjustable  vertically  for  varying  the  drag  on 
the  aluminium  armature,  and,  from  its  upright  position  and  distance  from  the 
series  coils,,  is  shielded  from  the  disturbing  effects  of  excessive  currents.  The 
driving  torque  is  exerted  on  the  aluminium  cylinder  by  two  series  coils  and  a 
shunt  electro-magnet.  The  series  coils  contain  no  iron,  and  are  clamped  to 
brass  spiders  mounted  on  the  back  of  the  base  of  the  meter.  They  are 
arranged  on  the  outside  of   the  cylinder,  and    are    symmetrically  placed  as 
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regards  the  shunt  magnet.  The  latter  consists  of  a  rectangular  laminated 
magnet  with  a  vertical  air-gap  in  which  the  cylinder  rotates,  and  on  its 
upper  horizontal  limb  it  carries  the  potential  coil  in  series  with  an  impedance 
coil,  which  is  in  the  base  of  the  instrument. 

The  internal  connections  of  the  meter  arc  shown  in  Fig.  156.  C  and  C  are 
the  two  main  ciu-rent  coils,  D  is  the  shunt  coil  on  the  shunt  magnet,  and  I  is 
the  impedance  coil.  The  coil  G  is  wound  on  the  light  load  adjusting  arm 
situated  within  the  opening  in  the  shimt  coil  D,  and  is  shunted  through  the 
140  cycle  lagging  resistance  H  across  a  few  turns  of  the  impedance  coil  I. 
By  properly  adjusting  the  resistance  H,  the  resultant  shunt  flux  will  be 
brought  into  quadrature  with  the  main  current  flux,  when  the  current  and 
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E.M.F.  are  in  phase.  This  constitutes  the  lagging  compensation  when  the 
meter  is  intended  for  use  on  a  frequency  of  140  cycles  per  second.  The 
meter  is,  however,  double  lagged,  and  when  operating  on  a  60-cycle  circuit 
the  above  phase  conditions  become  modified.  To  again  obtain  the  quarter- 
period  displacement  between  the  two  fluxes,  a  coil  E  (Fig.  156)  is  wound  upon 
the  core  of  the  shunt  magnet,  and  is  short-circuited  through  the  adjustable 
60-cycle  lagging  resistance  L.  The  change  from  a  high  frequency  of  140 
cycles  per  second  to  the  frequency  of  60  or  50  cycles  per  second  is  efl'ected 
by  soldering  together  the  large  copper  wires  at  D  (Fig.  155)  of  this  secondary 
winding,  and  these  ends  must  be  unsoldered  and  separated  when  changing 
back  to  a  high  frequency.  In  general  it  will  be  found  necessary  to  correct 
the  speed  of  the  meter,  after  making  this  change,  by  adjusting  the  position  of 
the  permanent  magnet. 
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The  meter  is  provided  with  a  light-load  adjustment,  which  consists  of  the 
coil  G  mounted  on  the  small  laminated  iron  core  within  the  shunt  coil.  The 
iron  core  is  attached  to  a  pivoted  arm,  which  can  be  displaced  relatively  to 
the  centre  of  the  shunt  coil.  In  the  central  position  the  iron  core  with  the 
coil  produces  no  effect  as  regards  any  tendency  to  drive  the  disc  one  way  or  the 
other,  but  if  displaced  it  exerts  a  slight  torque,  either  retarding  or  assisting 
the  driving  torque  on  the  cylinder.  The  position  of  the  starting  coil  is  adjusted 
by  means  of  the  screws  A  and  B,  and  during  this  adjustment  the  clamping 
screw  C  must  not  be  altered.  The  screw  C  provides  a  means  for  regulating 
the  friction  of  the  adjusting  bracket  arm.  It  is  adjusted  in  the  factory  so  as 
to  produce  just  sufficient  friction  to  hold  the  bracket  in  place. 

This  company  have  also  recently  introduced  a  new  induction  meter,  type 
W,Jllustrated  in  Fig.  157.     In  this  case  the  rotating  element  is  a  small  light 

aluminium  disc,  mounted  on  a 
short  shaft.  The  permanent 
magnet  in  the  front  is  gauge- 
adjusted.  It  is  attached  to 
the  lower  bearing  bracket  by 
two  screws  engaging  in  slotted 
lugs  on  the  magnet  clamp,  and 
its  position  relatively  to  the 
disc  is  adjusted  by  a  sliding 
gauge,  which  can  be  locked. 
After  the  gauge  has  been  set 
the  magnet  can  be  removed, 
and  replaced  without  further 
adjustment. 

Two  shunt  coils,  mounted 
on  the  upper  and  lower  arms 
of  the  shunt  electro-magnet, 
and  two  series  coils  are  used  to 
drive  the  disc,  the  series  coils 
being  situated  opposite  the 
shunt  coils. 

No  choking  coil  is  used  in 
the  pressure  circuit.  The  140- 
cycle  meter  has  a  double  lag- 
ging connection,  so  that  it  can 
be  adjusted  for  a  frequency  of  140  or  60  cycles  per  second.  The  phase 
compensation  is  similar  to  that  employed  in  their  type  K.  The  light  load 
adjustment  is  made  by  altering  the  position  of  a  conducting  plate  in  the 
air-gap,  relatively  to  the  revolving  disc,  by  means  of  a  micrometer  screw  in 
connection  with  a  guide  bar,  which  is  locked  by  a  small  set  screw  when  the 
adjustment  has  been  completed. 

The  Thomson  High-torque  Induction  Meter. — In  the  Thomson  high- 
torque  induction  meter,  manufactured  by  the  General  Electric  Company, 
Schenectady,  N.Y.,  the  phase  displacement  between  the  shunt  flux  and  the 
applied  pressure  is  also  made  by  the  employment  of  a  closed  secondary  wind- 
ing on  the  inner  pole  of  the  shunt  magnet.  The  arrangement  of  the  electrical 
system,  producing  the  driving  torque  on  the  aluminium  disc,  is  shown  dia- 
grammatically  in  Fig.  158.  The  shunt  coil  is  wound  on  the  central  limb 
of   the    shunt   magnet,  and   the   two   series   coils    are  carried   on   the    two 
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poles  of  the  lower  series  electro-magnet,  the  armature  disc  revolving  in  the 
horizontal  air-gap  between  the  two  magnetic  systems.  The  secondary  winding 
is  used  for  the  phase  adjustment.  The  w^ork  done  on  the  disc  is  absorbed 
in  the  adjustably  mounted 
permanent  magnets  in  the 
front  of  the  meter  (Fig. 
159),  and  the  registration 
is  effected  on  the  meter 
dial  in  the  usual  manner. 
The  light  load  adjustment 
consists  in  moving  back- 
ward or  forward  a  small 
rectangular  conductor  over 
the  meter  disc  by  means  of 
a  lever.  Any  demagnetis- 
ing action  on  the  perma- 
nent magnets  is  prevented 
by  their  position,  which  is 
at  right  angles  to  and  at 
a  large  distance  from  the 
coils  ;  moreover,  the  mag- 
netic circuit  of  the  driving 
combination  is  practically 
closed  on  itself. 

This  meter,  in  common  with  most  American  meters,  is  provided  w4th  a 
double  lagging  arrangement,  so  that  a  high  frequency  meter  for  125  and  133 

cycles  per  second  can  be 
adapted  for  use  on  a  60- 
cycle  circuit.  The  60-cycle 
meter  is,  however,  not  pro- 
vided w^th  this  device. 
An  important  feature  of 
this  meter  is,  that  it  can 
be  used  without  a  current 
transformer  for  currents 
up  to  300  amperes  in  a 
two-wire  and  150  amperes 
in  a  three-wire  system. 

Scheeflfer  Induction 
Watt-hour  Meter.  —  In 
the  meter  made  by  the 
Packard  Electric  Com- 
pany, Limited,  Ontario, 
Canada  (the  Bastian  Meter 
Co.,  Ltd.,  London),  the 
quarter  -  phase  displace- 
ment between  the  shunt 
and  series  fluxes,  on  non- 
inductive  loads,  is  obtained 
Ijy  means  of  a  chokhig  coil  in  series  with  the  shunt  coils,  and  a  secondary 
circuit  consisting  of  a  few  turns  of  wire  wound  on  the  shunt  magnet  and 
short-circuited  on  themselves  through  a  small   adjustable   resistance.      The 
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general  appearance  of  the  meter  will  be  seen  in  the  view  given  in  Fig.  160. 
The  various  elements  of  the  meter,  except  the  series  coil,  are  mounted  on  a 
frame  which  is  supported  in  the  cast-iron  case,  and  can  be  easily  removed 
from  the  latter. 

The  two  shunt  coils  are  carried  on  the  two  vertical  limbs  of  the  laminated 
shunt  magnet,  and  are  in  series  with  the  choking  coil  situated  at  the  top  of 
the  meter  behind  the  registering  dials.  A  pivoted  laminated  iron  bridge, 
separated  from  the  poles  of  the  shunt  magnet  by  the  horizontal  air-gap,  with- 
in which  the  aluminium  disc  revolves,  completes  the  magnetic  circuit  of  the 
shunt  field.  Above  the  disc  and  between  the  pole-pieces  is  the  series  winding, 
which  contains  no  iron,  and  the  plane  of  which  is  perpendicular  to  that  of  the 
shunt  coils.  The  disc  is  mounted  on  a  vertical  spindle,  w^hich  rests  on  a 
highly  polished  ball  in  the  jewelled  step-bearing.  It  also  rotates  between  the 
poles  of  a  permanent  magnet  in  the  front  of  the  meter,  held  in  a  brass  clamp 

capable  of  motion  along  two  rods  at 
right  angle  to  the  supporting  frame. 
The  adjustment  of  the  brake  magnet 
is  very  easily  performed.  The  speed 
of  the  meter  is  altered  by  loosening 
the  hexagon  head  screw  in  the  clamp 
and  adjusting  a  second  screw  under 
the  same.  If  this  screw  be  turned 
clockwise,  the  magnet  will  move  in- 
wards and  the  speed  of  the  disc  will 
be  decreased ;  if  the  meter  be  run- 
ning slow,  the  magnet  is  moved  out- 
wards by  turning  the  screw  counter- 
clockwise. 

The  pivoted  laminated  iron  bridge 
has  attached  to  it  a  small  lever  on  the 
right,  which,  if  moved  down,  will  cause 
the  disc  to  tend  to  move  forward  on 
the  shunt  alone,  and  raising  the  lever 
produces  a  tendency  to  move  back- 
wards, so  as  to  increase  or  decrease  the 
facility  with  which  the  meter  starts  on 
low  loads.  When  the  friction  compensation  has  been  regulated,  the  position 
of  the  bridge  is  secured  by  means  of  a  clamping  screw  in  the  meter 
frame. 

Stanley  Induction  Meters. — The  magnetic  suspension  watt-hour  meter 
for  alternating  currents,  manufactured  by  the  Stanley  Instrument  Company, 
Great  Barrington,  Mass.,  U.S.A.,  embodies  several  important  features  in  its 
electrical  and  mechanical  design,  in  virtue  of  which  the  various  disturbing 
forces  inherent  to  meters  of  this  class  are  counterbalanced  or  removed,  and 
the  accuracy  of  the  meter  will,  under  normal  conditions,  remain  unaltered. 
Two  illustrations  of  this  meter  are  given  in  Figs.  161  and  162,  of  which  the 
former  is'  a  perspective  side  view  of  the  switchboard  instrument,  and  the  latter 
is  a  front  view  of  the  house-service  type. 

By  means  of  the  magnetic  suspension  the  revolving  element  floats  entirely 
in  the  air,  and  ])earing  friction,  with  the  consequent  jewel  and  spindle  renewals, 
is  entirely  eliminated,  as  no  rubbing  contact  exists  between  the  rotating  part 
and  the  bearings. 


Fig.  160. 
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The  magnetic  suspension  is  illustrated  and  explained  in  detail  in  Chapter 
XIII. 

A  double  motor  system  is  used  to  produce  the  driving  torque,  and  is 
symmetrically  arranged,  one  half  above  and  the  other  half  below  the 
armature  disc,  which  is  placed  midway  between  the  two  shunt  magnets  at  a 
point  of  zero  magnetic  potential.  In  this  manner  the  hammering,  which 
would  otherwise  ensue,  is  prevented.     In  a  meter  in  which  the  shunt   and 


Fig.  161. 


series  magnets  are  arranged  on  one  side  only  of  the  disc,  either  above  or 
below  it,  the  latter  is  made  to  chatter  and  pound  the  jewel-bearings,  due  to 
the  attractions  and  repulsions  between  the  magnets  and  the  eddies  induced  in 
the  disc.  These  attractions  and  repulsions  are  due  to  the  eddies  being  dis- 
placed in  phase  by  more  than  90  degrees  from  the  alternating  fields  producing 
them.  Fig.  163  is  a  diagrammatic  sketch  of  the  shunt  and  series 
system,  also  of  the  lag  compensation  employed  in  the  Stanley  meters.  Two 
shunt  magnets  M^  and  M^  are  used,  and  the  armature  disc  revolves  in  the 
horizontal  air-gap  midway  between  them.  Each  shunt  magnet  has  two  energis- 
ing coils,  making  four  in  all,  connected  together  in  series  across  the  supply 
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mains.  The  series  winding  contains  no  iron  and  is  made  in  two  halves  A  and 
B,  which  are  placed  the  one  above  and  the  other  below  the  horizontal  air-gap 
between  the  poles  of  the  shunt  magnets. 

Cj  and  C2  are  the  magnetic  bridges  extending  across  and  between  the 
shunt  magnets,  by  means  of  which  and  the  self-induction  of  the  shunt  coils 
exact  quadrature  is  obtained  between  the  shunt  and  series  fluxes  when  the 
main  current  is  in  phase  with  the  supply  voltage.  The  parts  are  so 
designed — that  is,  the  air-gaps,  conductivity  of  the  magnetic  bridges,  etc. — that 
an  external  adjustment  is  unnecessary,  and  the  meters  register  accurately  on 
inductive  loads  of  any  power  factor. 

These  magnetic  bridges  are  composed  of  sheet-iron  plates  built  up  to  the 


Fig.  162. 


necessary  thickness.  Each  presents  an  auxiliary  path  for  the  passage  of  a 
certain  amount  of  the  magnetic  lines  produced  by  the  shunt  system,  depending 
upon  the  air-gaps  at  each  end  and  the  air-gap  in  which  the  disc  revolves ;  in 
other  words,  it  is  the  ratio  of  these  two  air-gaps  which  determines  the  amount 
of  flux  which  passes  over  this  magnetic  bridge.  The  eddy  currents  set  up  in 
the  revolving  disc  reacting,  cause,  in  their  turn,  a  certain  flow  also  back  and 
across  the  magnetic  bridge.  The  combined  interaction  is  sufficient  and  of 
such  a  nature  to  produce  quadrature  l>etween  the  shunt  and  series  fluxes 
with  a  load  of  unity  power  factor,  and,  consequently,  the  meter  registei-s 
correctly  on  inductive  loads.  The  construction,  as  indicated  in  the  diagram 
(Fig.  163),  is  true  only  for  a  given  thickness  of  rotating  disc,  i.e.  for  a  disc 
of  given  conductivity.     Any  change  in    this    conductivity    will    change    the 
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reaction  from  the  disc  on  the  shunt  system  and  cause  some  angle  of  lag  other 
than  90  degrees. 

The  vector  diagram  of  the  meter  is  given  in  Fig.  164.  0  E  represents  the 
applied  pressure  of  the  supply  circuit  and  0  S  the  resulting  shunt  current, 
lagging  behind  the  pressure  by  about  80  degrees,  as  also  the  flux  Ol\  to 
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which  it  gives  rise.  0  F2  is  the  flux  due  to  the  eddies  induced  in  the 
magnetic  bridges  displaced  by  more  than  90  degrees  from  0  S.  These  two 
fields,  when  properly  adjusted,  combine  in  the  horizontal  air-gap  to  a 
resultant  flux  0  F  at  right  angles  to  the  impressed  voltage  0  E,  or  to  the  series 
flux  0  F'  produced  by  a  main  current  0  M  in  phase  with  the  supply  pressure. 

In  the  meters  made  by  this  company  the  side 
thrust  exerted  on  the  bearings  by  the  unsym- 
metrical  field  is  completely  counterbalanced.  In 
an  induction  meter  in  which  the  motor  system 
is  not  placed  centrally  with  reference  to  the  disc, 
but  close  to  one  edge,  the  field  produced  by  the 
eddies  induced  on  the  disc  is  crowded  in  from  the 
side  towards  the  edge. 

The  unsymmetrical  field  tends  to  displace 
or  tilt  the  disc  out  of  its  normal  position,  pro- 
ducing a  side  thrust  on  the  bearings.  This  side 
thrust  is  nullified  by  the  use  of  a  short-circuited 

winding.  In  the  case  of  most  of  their  meters  it  consists^  of  a  mere  copper 
band  around  one-half  of  the  shunt  pole,  as  can  be  seen  at  A  and  B,  Fig.  161. 

Tliis  copper  band  produces  an  unsymmetrical  field  in  the  shunt  core,  or, 
rather,  two  fields  of  slightly  different  time  constants  are  produced,  which, 
with  the  band  located  on  the  back  half  of  the  core,  tend  to  throw  the  disc 
back  into  its  normal  position,  and  by  properly  adjusting  the  winding  of  this 
band  the  force  due  to  the  unsvnnnetrical  field  in  the  disc  is  counteracted. 
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At  V,  Fig.  161,  will  be  seen  small  copper  vanes  which  are  swung  under- 
neath the  shunt  pole  for  the  purpose  of  balancing  the  meter  on  the  shunt 
only,  so  as  to  coiniteract  the  effect  of  creeping. 

The  dial  and  brake  magnets  are  mounted  on  the  front  of  the  supporting 
frame,  Figs.  161  and  162,  and  the  brake  magnets  are  protected  from  the 
motor  system  by  an  iron  shield  marked  Y  in  Fig.  161. 

Two  permanent  magnets  are  used  with  soft  iron  pole-jjieces  between  their 


Fig.  165. 


poles,  and  containing  a  gap  in  which  the  disc  revolves.  The  braking  effect 
is  adjusted  by  raising  or  lowering  the  screw  under  the  lower  brake  pole,  de- 
creasing or  increasing  the  gap  as  desired. 

The  magnets  themselves  are  fixed  in  position  and  the  brake  field  is 
unaffected  by  ordinary  external  influences,  as  the  soft  iron  pole-pieces  are 
always  highly  magnetised. 

Fig.  165  is  a  front  view,  with  the  cover  removed,  of  the  jewel  meter, 
type  H,   made  by  this  company.     The  main  difference  between  it  and    the 
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uuignetic  suspension  meter  is  that  the  meter  shaft  is  supported  in  a  jewel 
spring-bearing.  Tlie  same  electrical  design  is  used  in  this  type,  and  the  side 
thrust,  creeping,  and  disc  vibration  are  balanced  in  exactly  the  same  manner. 

The  meter  is  designed  mainly  for  small  installations,  taking  up  to  about  15 
amperes  for  two-  and  three-wire  circuits. 

The  motor  part  is  enclosed  in  an  iron  box  forming  the  back  portion  of  the 
meter  case,  separated  from  the  front  by  a  division  plate  which  also  constitutes 
a  magnetic  shield. 

The  air-gap  of  the  brake  magnet  can  only  be  changed  by  means  of  the 
adjusting  screws  placed  on  the 
yoke  below  the  disc,  and  in 
this  way  the  speed  of  the  meter 
adjusted.  The  position  of  the 
brake  magnet  is  itself  invari- 
able. 

A  new  meter,  of  the  jewel- 
bearing  type,  illustrated  in  Fig. 
166,  has  just  lately  been  put 
on  the  market  by  this  com- 
pany, and  is  known  as  the 
Stanley  rotated  jewel-bearing 
induction  meter.  It  has  practi- 
cally the  same  motor  construc- 
tion as  in  the  type  H,  Fig.  165, 
the  novelty  being  in  the  jewel- 
bearing,  a  description  of  which 
is  included  in  Chapter  XIII. 
This  meter  can  also  be  very 
quickly  and  easily  adjusted  for 
any  frequency  from  40  cycles 
to  133  cycles  per  second.  This 
is  accomplished  by  the  magnetic 
shunt  principle  used  in  the 
Stanley  meters.  A  contact  on 
a  small  rheostat  is  moved, 
which  alters  the  reluctance  of 
the  magnetic  circuit,  so  that  the 
shunt  system  can  be  adapted  to 
the  diiferent  frequencies.  The 
ratio  of  the  torque  to  the  weight 

of  the  disc  is  10  to  7,  the  torque  being  50  millimetre-grammes,  the  weight 
35  grammes,  and  the  shunt  loss  is  1  watt  at  110  volts.  Creeping  is 
prevented  by  means  of  one  of  two  balancing  vanes  on  each  side  of  the 
revolving  disc,  and  either  can  be  brought  between  the  disc  and  the  shunt  pole 
below  it. 

The  A.C.T.  Induction  Watt-hour  Meter  of  the  British  Thomson-Houston 
Company,  for  inductive  and  non-inductive  loads,  is  of  very  simj^le  electrical 
and  mechanical  design.  It  is  typical  of  the  third  class  of  induction  meters,  in 
which  the  phase  difference  of  a  quarter  period  is  obtained  between  the  main 
current  and  pressure  current  fluxes,  when  the  currents  and  E.M.F.  are  in 
phase,  by  creating  a  large  phase-shift  between  the  shunt  flux  and  the  pressure, 
and  splitting  up  the  main  current  into  two  branch  circuits  in  the  meter,  of 
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which  tiie  one  is  practically  free  from  self-induction,  whereas  the  other  is 
made  highly  inductive,  so  that  the  resultant  series  flux  leads  in  advance 
of  the  pressure,  and  the  angle  of  lead  will  be  exactly  the  complement  of  the 
angle  of  lag  of  the  pressure  circuit  when  the  meter  has  been  properly 
adjusted. 

In  Figs.  167  and  168  are  two  illustrations  of  the  meter,  which  show  its 
general  appearance  with  and  without  the  cover.  It  is  very  compact,  and  is 
perhaps  the  smallest  meter  in  use,  having  an  overall  length  of  but  8  inches, 
and  being  slightly  more  than  5  inches  in  width. 

One  shunt  electro-magnet  and  two  main  current  electro-magnets  comprise 

the  driving  elements  of  the 
meter.  The  two  main  current 
coils,  one  on  each  of  the  two 
magnets,  are  connected  in  par- 
allel with  one  another,  and  in 
series  with  one  of  them  is  a 
variable  resistance  for  the  phase 
adjustment.  The  resulting  shunt 
and  main  current  fluxes  act 
upon  a  pivoted  copper  disc,  and 
rotate  it  with  a  turning  moment 
proportional  to  the  power  ex- 
pended in  the  circuit  {i.e.  E.G. 
cos  ^).  A  permanent  magnet 
operates  upon  the  same  disc  and 
provides  the  retarding  torque 
proportional  to  the  speed. 

The  dials  record  direct  the 
luiits  consumed,  and  are  driven 
in  the  usual  manner. 

All  the  parts  are  readily 
accessible,  the  different  adjust- 
ments can  be  altered,  and  the 
whole  meter  taken  to  pieces, 
if  necessary,  wuth  speed  and 
case. 

A  light  frame  fixed  to  the 
meter  base  supports  on  its 
front  face  the  integrating  train 
and  retarding  magnet,  and  carries  at  its  lower  extremity  the  jewel  screw- 
bearing.  These  parts  of  the  meter,  together  with  the  disc  and  the  adjustable 
resistance  with  its  sliding  contact,  are  clearly  visible  in  Fig.  168.  On 
the  back  of  the  frame  are  mounted  the  shunt  and  series  systems.  The 
electrical  elements  of  the  meter  and  their  relative  arrangements  are  shown 
diagrammatically  in  Fig.  169,  the  friction  compensation  device  being  omitted 
for  the  sake  of  clearness. 

N  is  the  slumt  magnet,  composed  of  soft  iron  stampings.  It  is  energised 
by  the  pressure  coil,  and  has  an  almost  closed  iron  circuit,  except  for  tlie  small 
vertical  air-gap  V.  Its  lower  pole-pieces  are  extended  and  carry  the  bobbin 
on  which  the  one  main  current  coil  H  is  wound.  Immediately  below  the 
shunt  magnet,  and  separated  from  it  by  the  horizontal  air-gap  in  which  the 
armature  disc  R  rotates,  is  a  second    small  laminated  magnet.     It   consists 
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practically  of  two  horseshoe  magnets,  with  their  vertical  yokes  coml)iiied  to 
form  a  middle  limb  on  which  is  wound  the  second  main  current  coil  H'. 

In  series  with  the  upper  coil  H  is  the  adjustable  resistance  W,  made  of 
constantan,  or  German  silver  wire,  part  of  which  can  be  short-circuited  by  the 
sliding  contact  X.  H'  is  wound  in  the  opposite  sense  to  H,  and  the  two  are 
connected  in  parallel  as  shown  in  the  diagram. 

The  principle  of  the  meter  will  be  readily  understood  by  reference  to  the 
vector  diagram,  Fig.  170,  and  consists  essentially  in  the  utilisation  of  the  fluxes 
produced  by  the  main  current  and  pressure  current  coils.  Each  of  the  two 
fluxes,  i.e.  the  shunt  flux  and  the  resultant  series  flux,  induces  eddy  currents 
in  the  disc,  the  rotation  of  which 
results  from  the  mutual  interaction 
of  the  main  current  magnet  on  the 
Foucault  currents  generated  by  the 
pressure  coil,  together  with  the  inter- 
action between  the  eddy  currents 
induced  by  the  main  current  coils 
with  the  shunt  magnet. 

E  denotes  the  P.D.  of  the  supply 
circuit,  and  C  is  the  main  current 
flowing,  supposed  in  phase  with  E. 
S  is  the  shunt  current,  and  gives  rise 
to  the  flux  Fg ,  both  of  which,  owing 
to  the  large  self-induction  of  the 
pressure  coil,  lag  considerably  behind 
the  voltage  of  the  circuit  by  an  angle 
</>,  less  than  90  degrees.  Most  of  the 
lines  of  force,  due  to  the  pressure 
current  S,  flow  in  the  shunt  magnet 
direct  through  the  vertical  gap  as  in 
a  continuous  ring,  and  only  a  small 
percentage  of  them  cuts  the  disc. 

The  main  current  C,  in  phase 
with  E,  divides  into  two  portions  in 
the  meter,  the  one  part  traversing 
the  winding  H'  on  the  lower  magnet, 
and  the  other  flowing  round  the  coil 
H  on  the  upper  magnet  poles.  The 
coil  H  has  a  low  self-induction  com- 
pared with  its  ohmic  resistance,  so  that  the  greater  part  of  the  current 
circulates  in  it,  and  it  would,  if  acting  alone,  tend  to  drive  the  disc  in  the 
direction  of  rotation. 

The  current  Cb  in  this  branch,  and  also  the  flux  F^  to  which  it  gives  rise, 
lead  in  advance  of  the  total  current  0  by  a  small  angle  ^2-  ^^^  winding  H' 
has,  relatively  to  H,  considerably  more  self-induction,  and  is  traversed  by  a 
weak  current  only ;  moreover,  it  is  wound  in  the  opposite  sense,  and  this 
results  in  displacing  its  magnetic  flux  through  180  degrees  relatively  to  the 
current  in  it.  This  current  Ca  lags  behind  the  main  current  in  the  circuit  by 
an  angle  cf)^ ,  and  the  flux  Eg ,  which  it  produces,  differing  from  it  in  phase  by 
180  degrees,  will  be  in  advance  of  the  total  current  C.  The  two  fluxes  Fj 
and  Fg  combine  to  a  resultant  flux  Fr  ,  which  leads  by  a  small  angle  iihead  of 
the  main  current  C  in  the  circuit. 


Fig.  168. 
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AVlien  the  meter  is  properly  adjusted,  F^  should  be  at  right  angles  to  Fg , 
and  the  meter  will  then  read  correctly  on  any  power  factor. 

A  second  vector  diagram  of  the  meter  is  shown  in  Fig.  171,  to  illustrate  the 


Fia  169. 


case  in  which  the  current  C  lags  behind  the  pressure  E  by  some  angle  \j/.     To 
draw  the  diagram  it  is  only  necessary  to  first  assume  the  current  in  phase 


Fit 


with  the  E.M.F.  The  current  is  then  shown  as  at  C,  and  the  resultant  series 
flux  F'b  is  at  right  angles  to  F.s ,  as  explained  above.  The  current  vector  is 
then  rotated  through  the  angle  of  lag  if/  into  its  correct  position  as  at  Cj. 
Now,  the  currents  in  the  two  current  windings  will  not  be  altered  relatively  to 
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one  another,  on  account  of  the  main  current  being  out  of  phase  with  the 
E.M.F,,  hut  only  their  relationship,  i.e.  angular  displacement,  with  respect  to 
the  pressure.  The  effect  is,  therefore,  to  simply  turn  the  resultant  series  flux 
through  an  angle  i/',  and  the  vector  F'j.  is  drawn  in  the  position  Fi^  such  that 
the  angle  F'^OFk  is  the  same  as  the  angle  of  lag.  The  torque  is  proportional 
to  the  true  power  E.G.  cos  \p.     In  every  case,  if  T  denote  the  torque, 

TocF.s.Fr.  sin  F^OFr  . 

Now  sin  (FsOFr)  =  sin  (FsOF'r  -  F'hOFh) 

=  sin(90''-V^) 
=  cos  Xp. 
Also     FrOcC     and     FgOcE, 
TocKCcosi/^. 
In  Fig.   172  is  given  a  sketch  of  the  meter  for  the  purpose  of  explaining 


Fig.  172. 


the  method  of  carrying  out  the  various  adjustments.  V  and  V  are  two  iron 
screws,  so  mounted  that  they  face  the  poles  of  the  permanent  magnet  M,  and, 
according  to  their  position,  shunt  the  flux  more  or  less.  When  screwed  in 
they  shunt  more  of  the  flux,  and  thereby  weaken  the  brake  field  in  which  the 
disc  R  rotates,  with  a  corresponding  increase  in  the  speed  of  the  meter.     If 
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the  speed  be  too  high,  the  screws  must  be  screwed  out,  further  away  from 
the  poles.  This  affords  a  very  reliable  and  easy  method  of  effecting  the  high 
load  adjustment.  The  screws  are  fixed  by  means  of  lock  nuts  when  the 
adjustment  has  been  completed,  and  the  magnet  itself  is  not  moved.  The 
friction  compensation  device,  by  which  the  speed  of  the  meter  is  regulated  on 
low  loads,  consists  of  an  iron  strip  and  screw  shown  at  F.  This  strip  shades 
the  left-hand  pole  and  produces  a  shifting  field  which  tends  to  drive  the  disc. 
The  intensity  of  the  field  is  controlled  by  the  iron  screw,  which,  on  being 
screwed  in,  accelerates  the  disc. 

The  phase  adjustment  for  inductive  loads  has  already  been  explained,  and 
is  performed  by  altering  the  position  of  the  sliding  contact  X,  which  is 
soldered  when  the  adjustment  is  made.  By  altering  the  position  of  X  the 
resistance  in  the  circuit  H  is  changed,  while  that  of  the  circuit  H'  remains 
unaltered.  This  varies  the  relative  reactance  of  the  two  branches.  If  the 
resistance  in  H  be  increased,  ^2  will  increase  and  <^j  will  diminish  (Fig.  170). 
X  is  moved  up  or  down  until  the  resultant  series  flux  is  at  right  angles  to  the 
shunt  flux,  when  the  meter  is  correct.  This  adjustment  is  usually  carried  out 
with  a  power  factor  of  about  '5  or  '3.  The  shunt  loss  is  very  low,  generally 
less  than  0*5  watt,  from  100  to  230  volts,  with  a  periodicity  of  50  cycles  per 
second.  The  torque  at  full  load  is  3i  centimetre-grammes,  and  the  weight 
of  the  revolving  element  60  granmies. 

Single-phase  Induction  Meters,  Types  B.L.  and  I.E. — The  alternating 
current  meter  for  inductive  loads,  type  B.L.,  of  the  Compagnie  Anonyme 
Continentale  pour  la  Fabrication  des  Compteurs,  Paris,  is  illustrated  in  Figs. 
173  and  174.  The  requisite  quarter-phase  displacement  between  the  main 
and  the  pressure  current  fluxes  operating  the  meter,  when  the  main  current 
is  in  phase  with  the  pressure,  is  obtained  by  the  employment  of  a  suitable 
reactance  in  series  with  the  pressure  coils  and  an  indiictive  shunt  to  the  main 
windings  of  the  meter,  which  latter  are,  further,  connected  together  through 
an  adjustable  resistance.  The  main  supply  current,  on  entering  the  meter, 
splits  up  between  these  two  branches.  The  inductive  shunt  will  only  carry 
a  small  fraction  of  the  whole  current  in  the  circuit,  owing  to  its  self-induction, 
and  this  current  will  lag  behind  the  total  current,  whereas  that  flowing  in 
the  main  windings  proper  of  the  meter  will  form  the  larger  part  of  the  total 
current,  and  will  lead  in  advance  of  it. 

By  suitably  adjusting  the  resistance,  which  alters  the  relative  reactance  of 
the  two  main  current  branches,  and  also  the  choking  coil  in  the  pressure 
circuit,  the  meter  should  function  correctly  on  inductive  loads. 

It  can  be  easily  shown  that  the  current  in  the  main  windings  will  always 
be  proportional  to  the  total  main  current  flowing  in  the  circuit,  whatever  the 
value  may  be.  The  object  of  the  choking  coil  in  shunt  with  the  main  current 
coils  is  to  reduce  these  windings,  and  to  cause  the  current  in  them  to  lead  and 
to  produce  a  leading  magnetic  field.  It  will  be  further  noticed  that  the  flux 
due  to  the  lagging  part  of  the  current  in  the  inductive  shunt  is  not  used  to 
influence  directly  the  revolving  part  of  the  meter. 

Referring  to  the  illustrations,  an  aluminium  bell  C  constitutes  the  arma- 
ture of  the  meter,  and  is  mounted  on  a  steel  spindle  A,  resting  on  a  flexibly 
carried  jewelled  bearing.  The  upper  part  of  the  spindle  carries  both  the 
driving  worm  actuating  the  meter  dials  and  the  aluminium  brake  disc  P, 
rotating  between  the  poles  of  a  permanent  magnet  E.  The  driving  element 
is  composed  of  a  laminated  iron  ring  having  three  inwardly  projecting  poles 
N,  N',  N".     The  bell  C  rotates  in  the  air-gap  between  these  poles  and  the 
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eccentrically-placed  laminated  iron  core  M.  The  core  M  serves  to  concentrate 
the  lines  of  force  and  to  augment  the  driving  torque.  By  means  of  the 
adjusting  arm  m  attached  to  it,  the  core  can  be  displaced  relatively  to  the  poles 
and  the  sensitiveness  of  the  meter  adjusted  on  low  loads.  The  pressure 
winding  consists  of  three  coils  mounted  on  the  three  poles,  as  shown  in  the 
illustrations.  In  series  with  these  coils  is  the  adjustable  choking  coil  K,  and 
the  pressure  circuit  is  connected  direct  across  the  supply  mains. 

The  two  main  current  coils  are  wound  on  the  poles  N  and  N',  and  are 
connected  together  by  the  resistance  R,  which  can  be  partially  short-circuited 
by  the  adjustable  sliding  contact  r.     These  coils  are  connected  at  their  other 


ends  to  the  main  current  terminals  h  h',  which  are  shunted  by  the  inductive 
resistance  S  8. 

The  speed  of  the  meter  at  top  loads  is  increased  or  decreased  by  altering 
the  position  of  the  brake  magnet  E,  adjustably  mounted  for  this  purpose. 

A  meter  suitable  for  small  consumers  is  also  manufactured  by  this 
company.  A  sectional  drawing  of  the  instrument,  type  I.R.,  is  given  in  Fig. 
175,  and  its  action  will  be  understood  by  reference  to  Fig.  176.  The  moving 
element  is  a  copper  bell  C  mounted  in  the  usual  way ;  it  forms  at  the  same 
time  the  brake  in  conjunction  with  the  permanent  magnet  E.  The  shunt 
coil  of  the  meter  is  wound  on  the  yoke  of  a  laminated  iron  magnet,  the  two 
pole-pieces  of  which  are  each  provided  with  three  teeth.  The  copper  bell 
rotates  between  these  pole-pieces  and  encloses  a  stationary  soft  iron  core  M. 
The  core  concentrates  the  fields  produced  and  forms  the  light  load  adjustment 
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Fig.  175. 
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device.  Its  position  relatively  to  the  teeth  of  the  poles  is  altered  by  rocking 
the  adjusting  arm  D,  which  is  attached  to  it  and  is  controlled  by  means  of  the 
two  screws  V  and  V.  A  very  sensitive  adjustment  can  be  obtained  by  this 
method.  The  main  current  coils  are  distributed  in  the  notches  on  the  pole- 
pieces,  as  shown  in  the  diagram,  Fig.  176,  and  are  wound  in  the  same  sense  on 
the  two  branches  of  the  magnet.  The  result  is  that  the  fluxes  produced  by 
these  main  current  coils  oppose  each  other  in  the  iron  core ;  they,  therefore, 
form  local  circuits  round  the  windings.     A   laminated   iron   bridge-piece    P 


short-circuits  the  two  limbs  of  the  magnet  and  considerably  increases  the  self- 
induction  of  the  pressure  coil  connected  in  series  with  the  choking  coil  S. 

The  greater  part  of  the  shunt  flux  h  takes  the  path  through  the  bridge 
P,  and  only  a  small  part  traverses  the  core  M.  This  part,  together  with 
the  magnetic  flux  H  of  the  main  current  coils,  produces  the  driving  torque. 

The  shunt  flux  h  and  the  main  current  flux  H  are  indicated  respectively 
by  the  dotted  lines  and  those  shown  in  full  in  Fig.  176. 

Eclipse  Meter. — Fig.  177  is  a  diagram  showing  the  motor  system  used  by 
the  Luxsche  Industriewerke,  Munich,  Germany,  in  their  'Eclipse'  meter, 
type  F.E.G.,  for  non-inductive  loads  only,  such  as  incandescent  lamps.  The 
shunt  flux  is  produced  by  means  of  a  single  pressure  coil  S  wound  on  the 
central  limb  of  a  three-pole  laminated   shunt  magnet  N,  constructed  as  a 
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choking  coil,  with  an  almost  closed  magnetic  circuit.  About  90  per  cent,  of 
the  lines  of  force  form  closed  loops  through  the  vertical  air-gaps  Vj  and  V2 ,  and 
the  remaining  10  per  cent,  cut  the  revolving  disc  A  and  induce  the  shunt 
eddies  in  it. 

The  lag  of  the  shunt  current  behind  the  pressure  of  the  circuit  is  about 
75  degrees,  and  an  auxiliary  choking  coil  is  not  used  for  circuits  up  to 
250  volts. 

Below  the  armature  disc  A  and  opposite  the  shunt  magnet  N  is  the  four-pole 
series  stator,  which  is  energised  by  tw^o  main  current  coils  wound  on  the  two 
inner  poles  P.,  and  P3  and  placed  in  series  in  one  of  the  supply  mains.  With 
the  polar  gaps  of  the  shunt  and  series  magnets  displaced  relatively  to  one 
another,  as  in  the  arrangement  adopted,  the  shunt  eddies  are  dissipated  in  the 


Fig.  177. 


main  current  held  and  the  series  eddies  in  the  shunt  held,  and,  in  consequence, 
the  torque  obtained  is  fairly  high  compared  with  the  relatively  weak  fields  used. 

For  circuits  in  which  the  current  is  out  of  phase  with  the  voltage,  this 
company  use  the  'Eclipse'  meter,  type  F.E.M.,  in  which  an  exact  quarter- 
phase  difference  is  obtahied  between  the  shunt  and  main  current  fluxes  when 
the  power  factor  is  unity. 

The  method  employed  is  similar  to  that  adopted  in  the  A.C.T.  meter,  and 
consists  in  making  the  main  current  flux  lead  in  advance  of  the  main  current. 
The  main  and  series  system  of  the  type  for  inductive  loads  is  illustrated  in 
the  diagram  in  Fig.  178.  It  differs  from  Fig.  177  mainly  in  the  series  wind- 
ing, which  is  composed  of  four  coils  wound  on  the  four  poles  of  the  series 
magnet.  The  main  ciu-rent,  supposed  in  phase  with  the  P.O.,  divides  into 
two  components  C^  and  Cg,  of  which  the  one,  C^ ,  flows  round  the  two  inner 
poles  1\  and  P3 ,  giving  rise  to  only  a  few  lines  of  force,  which  nearly  all  cut 
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the  disc  A.  The  other  component,  Cg ,  flows  round  the  outer  poles  Pj  and  P^ , 
each  of  which  has  an  iron  short-circuiting  piece  G,  and  produces  several  lines 
of  force,  which,  however,  are  for  the  most  part  short-circuited  on  themselves, 
and  only  a  very  few  will  traverse  the  disc.      The  two  systems  of  coils  are 


Fig.  178. 


placed  in  parallel,  and  are  wound  so  as  to  oppose  one  another,  the  coils  on 
the  inner  poles  behaving  exactly  as  in  the  previous  type. 

The  windings  on  Pg  and  P.^  are  connected  together  in  series  with  an  adjust- 
able resistance  of  nickel  wire  W,  part 
of  which  can  be  short-circuited  by  means 
of  the  sliding  contact  L.  By  regu- 
lating the  resistance  W,  the  relative 
inductance  of  the  two  branch  circuits 
can  be  altered  until  the  resultant  main 
current  flux  is  at  right  angles  to  the 
shunt  flux,  when  the  main  current  is  in 
phase  with  the  pressure,  as  in  the  vector 
diagram  in  Fig.  179.  OE  is  the  pres- 
sure, 0  Ff.  is  the  shmit  flux,  due  to  the 
shunt  current  0  S  lagging  about  75 
degrees  behind  0  E.  O  C  is  the  main 
current,  supposed  in  phase  with  OE, 
0  Cj  is  the  current  component  round  the  inner  poles  V^  and  P^  ,  producing  the 
flux  0  Fj ,  and  0  C2  is  the  component  round  tlie  outer  poles  }\  and  P4,  giving 
rise  to  the  flux  0  Fg .  0  Fj  and  0  Fg  combine  to  the  resultant  0  F,.  at  right 
angles  to  0  Fg .  In  both  types  the  armature  consists  of  a  light  aluminium  disc 
mounted  on  a  vertical  spindle  supported  in  a  jewelled  spring-bearing.     The 
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whole  revolving  system  weighed  only  about  15  grammes,  and,  in  consequence, 
no  clamping  device  is  used.  The  disc  revolutions  are  conveyed  in  the  usual 
manner  to  a  counter  with  springing  figures,  which  indicate  the  energy  con- 
sumption direct  in  units.  The  brake  torque  is  produced  by  a  permanent 
magnet,  between  the  poles  of  which  the  armature  disc  rotates.  The  position 
of  the  magnet  relatively  to  the  disc  can  be  altered  for  performing  the  high 
load  adjustment. 

The  friction  compensation  consists  of  a  small  iron  strip  T,  adjustably 
mounted  between  the  armature  disc  and  the  series  magnet  (Figs.  177  and 
178).  The  shunt  flux  is  by  this  means  made  un^ymmetrical,  and  an  auxiliary 
starting  torque  is  obtained  proportional  to  the  voltage.  To  prevent  running 
on  the  shunt  alone,  a  fleck  of  iron  dust  is  lacquered  on  the  disc.  The  disc 
can,  under  the  influence  of  the  shunt  alone,  only  rotate  until  this  spot  comes 
between  the  poles,  when  it  is  held,  and  further  motion  is  stopped.  Fig.  180 
is  a  front  view  x)f  the  type  F.E.M.,  for  inductive  loads.  The  motor  system 
is  fixed  to  the  back  of  the  case,  and  the  front  supports  the  brake  magnet,  the 
counter,  and  the  bearings,  the  disc  partially  projecting  through  the  base  into 
the  back  of  the  meter,  which  is  closed  by  a  zinc  cover.  In  external  appearance 
the  two  meters  do  not  differ.  With  the  arrange- 
ment of  the  current-carrying  parts  on  one  side 
and  the  brake  system  on  the  other  side  of  the 
base,  the  latter  acts  as  a  complete  magnetic 
shield  to  the  magnet. 

Meters  with  Current  and  Pressure  Trans- 
formers.— In  a  low-tension  200  volt  system, 
when  the  current  exceeds  50  to  100  amperes, 
alternating  current  meters  are  used  in  connection 
with  series  or  current  transformers.  The  main 
current  flows  through  the  primary  ampere-turns 
of  the  transformer,  the  secondary  ampere-t\irns 
of-  which  are  connected  to  the  main  current 
terminals   of   a  small  capacity  meter.     The  size 

of  the  transformer  naturally  depends  upon  the  total  current  of  the  circuit, 
whereas  the  meter  is,  in  general,  wound  for  a  standard  maximum  current  of 
about  5  or  10  amperes,  the  actual  capacity  of  the  meter  varying  in  the 
different  types. 

The  transformers  are  so  designed  that  they  give  a  constant  ratio  over  the 
entire  range,  from  the  lightest  load  to  a  large  overload.  On  inductive  loads  a 
series  transformer,  according  to  its  design,  will  cause  the  meter  to  run  either 
slightly  too  fast  or  too  slow,  and,  therefore,  meters  to  be  used  with  current 
transformers  are  eitlier  under-compensated  or  over-compensated,  so  that  they 
are  somewhat  slow  or  fast  on  inductive  loads  without  the  transformer,  and  are 
correct  on  all  loads  when  the  transformer  is  used. 

For  high-tension  systems,  both  pressure  and  current  transformers  are  used, 
whatever  the  current  capacity  of  the  circuit,  so  that  no  high-tension  current 
traverses  any  part  of  the  meter,  which  can,  therefore,  be  handled  with  im- 
punity. The  shunt  circuit  of  the  meter  is  placed  in  series  with  the  low- 
voltage  secondary  of  the  potential  transformer,  the  primary  terminals  of 
which  are  connected  across  the  high-tension  mains,  and  the  main  current 
coils  of  the  meter  are  connected  to  the  series  transformer,  as  already 
explained. 

In    Fig.    181    is   a  diagram  of  connections  of  a  Westinghouse  meter,  to 
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illustrate  the  case  in  which  ])oth  a  pressure  and  a  current  transformer  are 

used  on  a  high-tension  single-phase  circuit. 

For  voltages  below  600  or  500  volts, 
but  above  250  volts,  some  firms  employ 
potential  ratio  coils  and  choking  coils  instead 
of  transformers,  using,  however,  the  latter 
for  higher  pressures.  The  potential  ratio 
coil  is  connected  direct  across  the  circuit, 
and  a  point  in  it  is  joined  to  the  shunt  ter- 
minal of  the  meter,  so  that  the  voltage  across 
the  pressure  circuit  of  the  latter  is  reduced 
to  about  100  or  110  volts.  When  the  capacity 
of  the  circuit  exceeds  about  100  amperes,  in 
addition  to  the  potential  ratio  coil,  a  current 
transformer  is  used.  A  diagram  of  connections 
of  a  Stanley  meter  with  a  potential  ratio  coil, 
on  a  6  00- volt  single-phase,  small  capacity 
circuit,  is  given  in  Fig.  182,  as  typical  of 
this  method.  When  a  choking  coil  is  used, 
the  pressure  circuit  of  the  meter  is  placed 
in  series  with  the  choking  coil  direct  across 
the  supply  mains. 

Switchboard  induction  meters  present  no 
special  features.  They  simply  consist  of  the 
usual  types,  suitably  mounted  for  fixing  on  a 
switchboard,  and  they  are  enclosed  in  cylin- 
drical, metal  or  glass  cases.  They  are  used  in 
coimection  with  both  pressure  and  current 
transformers,  each  meter  having  its  own  series 
or    two    pressure    transformers    are    used    to 
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transformer,     but     only 


Fig.  182. 


energise  the  low-tension  instrument  bus-bars,  to    which    the    shunts   of   the 
meters  are  connected. 
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POLYPHASE  METERS. 

Two-Wattmeter  Method  of  Measuring  Power — General  Description  of  Polyphase  Meter — 
Polyphase  Meters  for  a  Three-phase  Four-wire  System — Behaviour  of  Three-phase  Three- 
wire  Induction  Meters  on  Inductive  Loads — Condition  for  Use  of  One  Single-phase 
Induction  Meter — Effect  of  Wrongly  Connecting  a  Three-phase  Three- wire  Meter — Aron 
Polyphase  Meters — Bat  Polyphase  Meters — Electrical  Company's  Three-phase  Meter 
— Three-phase  A.C.T.  Meter — Deutsch-Russische  Three-phase  Meter — Fort  Wayne 
Polyphase  Meter — Siemens-Schuckert  Polyphase  Meters — Thomson  Polyphase  Meter — 
Westinghouse  Polyphase  Meter. 


Two- Wattmeter  Method  of  Measuring  Power. — The  mathematical  prin- 
ciples involved  in  the  measurement  of  the  electrical  power  absorbed  and, 
consequently,  the  electrical  energy 
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consumed  in  a  given  time  in  a 
polyphase  system,  have  been  ex- 
plained in  Chapter  VII.  By  a 
polyphase  system  is  meant  a  two- 
or  three-phase  network  with  three 
and  four  conductors. 

The  general  method  of  measur- 
ing the  power  absorbed  in  a  two- 
phase  three-  or  four-wire  system, 
and  in  a  three-phase  system  with 
three    conductors,   consists   in   the 

use  of  tw^o  wattmeters,  connected  as  shown  in  Fig.  183,  which  represents 
a  three-phase  three-wire  network,  both  for  a  star  or  delta  coupling  of  the 
three-phase  branches. 

The  instantaneous  value  of  the  power  is 
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The  mean  power  is 


T  T 


dt. 


where 


and 


are  the  instantaneous  values  of  the  pressures 


between  the  supply  mains  and  the  currents  in  those  mains.  P^  and  P2  are 
the  two  wattmeters,  and  the  method  is  commonly  known  as  the  two-watt- 
meter method  of  measuring  power.  It  follows  that  two  induction  watt-hour 
meters  connected  as  in  Fig.  183  will  measure  the  energy  consumed  in  such  a 
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circuit  whether  balanced  or  luibalaiiccd,  Pj  and  P^  now  representing  energy- 
meters. 

In  a  three-phase  star-  or  delta-coupled  system,  when  the  load  is  equally 
distributed  between  the  three-phase  circuits,  the  equation  for  the  mean  power 
was  shown  to  reduce  to 

P=  73.V.C.  cos  ((^-30°)+  ^3.V.a  cos  (<^  +  30°), 

where  V  and  C  are  the  phase  pressure  and  the  phase  current  (or  main  current) 
for  a  star  coupling,  and  for  a  delta  connection  V  is  the  P.D.  between  the 
mains,  and  C  is  the  phase  current  in  a  leg  of  the  triangle,  all  being  root  mean 
square  values ;  also  c}>  is  the  angle  of  lag,  which  in  this  case,  as  the  system  is 
balanced,  is  the  same  for  each  phase. 

If  Vj  denote  the  P.D.  between  any  two  of  the  supply  mains,  and  Cj  the 
current  flowing  in  one  of  the  mains  (R.M.S.  values),  then  for  a  star  coupling 

Vi=73.V         and         C^^C, 

and  for  a  delta  coupling 

Vi  =  V,         but         Ci=  ^/J.C, 

so  that  in  both  cases  the  mean  power  is 

P  =  ViCi  cos  (<^  -  30°)  +  ViCi  cos  {<t>  +  30°). 

The  energy  consumption  in  the  time  (Tg  -  Tj)  is,  therefore, 

E=  /VjCi  cos  (<fi-30yit+  fVi.Ci  cos  {<f>  +  30yt. 

T,  .  T, 

T2 

The  one  induction  watt-hour  meter  reads  /  VjC^  cos  (<^  -  30")^^^  and  the 

Ti 

other  /  V^.Cj.  cos  {(f)  +  30°)dt,  the  sum  of  the  two  readings  giving  the  total 
three-phase  energy  consumption,  viz.   /  ^S.V^.Cj  cos  (ftdt . 

Ti 

When  the  currents  and  pressures  are  in  phase,  i.e.  cos  <^=  1,  then 

T.2  T.^  T2 


^=  jViCi^ri/'-f   iv,.C,'!^^dt=2\Y,. 


C,  "{^dt 


T2 

f  v/3 

Eacli  meter  reads  I  VjCi    «  dt ,  so  that  the  total  energy  consumed  is,  in 

this  case,  obtained  by  using  a  single  ordinary  induction  meter  suitable  for  a 
two-wire  single-phase  alternating  current  circuit,  connected  as  Pj  or  P., 
(Fig.  183),  and  by  doul)ling  the  difference  between  its  two  readings  taken  at 
the  commencement  and  termination  of  the  interval  under  consideration. 
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In  general,  when  a  single-phase  meter  is  intended  for  use  on  a  perfectly 
balanced  three-phase  system  with  a  power  factor  of  unity,  the  integrating 
mechanism  is  so  geared  that  the  readings  give  the  total  energy  taken,  and  it 
is  then  not  necessary  to  use  the  nndtiplier  2. 

When  the  system  is  unbalanced,  and  also  when  the  system  is  balanced, 
but  the  currents  and  pressures  are  not  in  phase  {i.e.  cos  <j>^\),  then  two 
watt-hour  meters  must  be  used.  By  suitably  choosing  the  constants  of  the 
two  meters  they  can  be  combined  to  form  one  instrument,  and  this  is  the 
general  method  adopted. 

General  Description  of  Polyphase  Meter. — A  polyphase  meter,  therefore, 
consists,  in  general,  of  a  combination  of  two  single-phase  motor-meter  elements 
operating  upon  one  armature  disc,  or  cylinder,  or  upon  two  such  revolving- 
parts,  in  which  case  the  two  armatures  are  mounted  on  a  common  spindle. 
The  revolutions  of  the  meter  spindle  in  either  case  are  transferred  to  an 
integrating  train  in  the  usual  manner,  and  the  ordinary  magnetic  brake 
system  is  used.  The  total  torque  exerted  on  the  meter  spindle  is  the 
algebraic  sum  of  the  torques  exerted  by  the  two  motor  elements,  and  is 
proportional  to  the  total  polyphase  power,  so  that  the  difference  between  two 
readings  of  the  meter  dial  gives  the  total  polyphase  energy  consumed  in  a 
given  interval.  The  polyphase  meter  for  unbalanced  loads  is  usually 
connected  to  the  two-phase  or  three-phase  circuit  in  the  same  manner  as  when 
two  watt-meters  are  used  for  measuring  power  (Fig.  183).  This,  however, 
does  not  apply  to  polyphase  meters  for  measuring  the  energy  consumed  in  a 
three-phase  system  with  four  conductors. 

By  the  adoption  of  a  single  instrument  to  measure  the  energy,  however 
unbalanced  the  phase  circuits  may  be,  large  economy  is  secured.  The  usual 
method  consisted  in  the  employment  of  two  independent  single-phase  watt-hour 
meters.  The  use  of  two  separate  meters  has,  however,  several  disadvantages. 
The  capital  cost  is  increased,  the  maintenance  charges  and  the  erection  costs 
are  duplicated.  Space  has  to  be  provided  for  two  meters  instead  of  one,  and 
two  meter  readings  have  to  be  taken  and  added  together,  with  the  result  that 
errors  can  easily  be  introduced. 

In  an  induction  meter  for  ordinary  single-phase  circuits  it  has  been 
pointed  out  in  previous  chapters  that  the  pressure  current  and  main  current 
fluxes  operating  together  on  the  revolvable  disc  must  have  a  phase  displace- 
ment of  one-quarter  period  relative  to  one  another  when  the  current  and 
the  E.M.F.  are  in  phase,  i.e.  when  the  meter  is  operating  on  a  purely  non- 
inductive  load.  Exactly  the  same  condition  must  be  fulfilled  by  each  of  the 
motor  systems  of  the  polyphase  meter,  whether  for  balanced  or  unequally 
loaded  systems. 

By  so  choosing  the  pressures  of  the  three-phase  system  to  produce  the 
shunt  fields,  special  artificial  phase  devices  need  not  be  employed,  on  the 
assumption  that  the  pressures  of  the  three-phase  system  are  equal  to  one 
another  and  have  a  relative  phase  displacement  of  120  degrees.  In  the 
Siemens-Schuckert  three-phase  meter,  type  F.U.,  this  method  is  used. 

As  with  single-phase  meters,  current  and  pressure  transformers  are  used 
for  the  measurement  of  heavy  currents  and  high  voltages,  and  on  high-tension 
systems  both  current  and  pressure  transformers  are  employed,  whatever  the 
capacity  of  the  installation. 

Polyphase  Meters  for  a  Three-phase  Four-wire  System. — In  a  three- 
phase  system  with  four  conductors  the  power  absorbed  is  obtained  by  means 
of  three  wattmeters,  the  current  coils  of   which  are  connected  in  the  three 
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supply  mains,  and  the  pressure  coils  of  which  are  placed  between  these  mains 
and  the  common  return  or  neutral  wire.  The  proof  is  given  on  page  129. 
The  energy  is  measured  by  three  single-phase  induction  meters  connected  in 
the  same  manner,  as  shown  in  Fig.  184.  The  sum  of  the  three  readings  will 
give  the  total  energy  consumed.  It  is,  however,  not  necessary  to  use  three 
instruments,  as  a  single  polyphase  meter  can  be  used  when  specially  designed 
for  a  three-phase  four-wire  system.  The  principles  involved  in  the  construc- 
tion of  such  a  meter  will  be  found  in  the  latter  part  of  Chapter  VII.,  and  it 
will  be  seen  that  they  differ  from  those  on  which  the  ordinary  polyphase  meter 
is  based.  In  other  words,  a  meter  suitable  for  a  three-phase  three-wire  net- 
work (or  two-phase  with  three  and  four  wires)  will,  in  general,  not  measure 
the  energy  in  a  three-phase  system  with  four  conductors. 


From  TransFormer 


To  Load 


Fig.  184. 


Behaviour  of  Three-phase  Three-wire  Induction  Meters  on  Inductive 
Loads. — Before  proceeding  to  the  descriptions  of  the  polyphase  meters  (for 
unbalanced  loads  only)  included  in  this  chapter,  a  few  general  remarks  may 
prove  of  interest  in  connection  with  the  behaviour  of  a  three-phase  three-wire 
meter  when  the  load  is  inductive  and  equally  distributed  between  the  phases. 
In  this  case,  as  already  explained,  the  mean  power  is  given  by  the  equation 

P  =  VjCi  cos  (<^  -  30°)  +  VjCj  cos  (<^  +  30°). 

The  driving  torque  D^  of  the  one  motor  element  of  the  polyphase  meter 
is  proportional  to  V^Cj  cos  (<f>  -  30°),  and  the  driving  torque  Dg  of  the  second 
motor  clement  is  proportional  to  V^Cj  cos  (<^  +  30°),  the  total  torque  being 
proportional  to  their  algebraic  sum. 

2 


When  i>  =  0,  then   D^ccViCV 


D2OCV1C1. 


and  the  speed  of  tli 


meter  is  proportional  to   ;^3.V^Cj ,  i.e.  the  true  power. 

When  <^=  30°,  then  l)^ccV■^C^ ,  DgOcVjCj  J ,  and  the  speed  of  the  meter  is 
proportional  to  fViCj,  i.e.  ^S.V^Ci  cos  30°,  which  is  the  true  power  when 
the  angle  of  lag  is  30°. 
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When  <^  =  60°,  then  D^ocVjCj  ^,     1)2  =  0  ,  and  the  speed  of  the  meter  is 

proportional  to  Vj.Cp  ^  =  ^3.VtCi  cos  60°. 

V  C  V  C 

When  <^  =  90°,  then   DjOC-L_i  ^    D2OC-  -^^-  ,  and  the  meter  speed  is  pro- 

^—1-    ^  '-ij  =  0,  i.e.  the  meter  stops,  the  power  being  zero,  or 

^S.ViCj  cos  90°,  as  in  this  case  the  current  and  pressure  are  in  quadrature. 

V  C  V  c 

When  <^=-90°,  then  DjOC-— LJ,    D.^oc  ^  ^   and  the  same  result   is 

obtained  as  when  <^  =  +  90°. 

When  <^=  -  60°,  then  D^  =  0,  and  DoOcV^.C^^  ,  and  the  meter  speed  is 

proportional  to   ^S.VjCj  cos  ( -  60°)  which  is  the  same  as    ^S.V^Cj  cos  60°. 

Finally,  when  <^=  -30°,  the  same  ultimate  result  is  obtained  as  when 
(^=  +30°,  but  Dj  is  now  proportional  to  |VjC;^  and  Dg  to  V^C^ 

Condition  for  Use  of  one  Single-phase  Induction  Meter. — It  has  already 
been  shown  that  when  the  three-phase  three-wire  system  is  perfectly  balanced, 
and  no  displacement  exists  between  the  current  and  the  pressure,  one  single- 
phase  induction  meter  suffices  for  the  measurement  of  the  energy,  but  in  no 
other  case. 

It  must  be  remembered  that  unless  the  integrating  mechanism  is  specially 
geared,  its  indications  must  be  multiplied  by  the  factor  2. 

If,  however,  the  current  and  pressure  be  not  in  phase,  although  the  three 
branches  may  be  in  perfect  balance,  then  it  is  incorrect  to  use  a  single-phase 
meter  in  this  manner.  This  is  easily  shown  as  follows.  The  meter  reads 
either 

T2  ^i 

2  f  VjCi  cos  (0  -  ?>OyU ,  or  2  /  \fi^  cos  (<^  +  30°)r/^ .     Now  the  true  energy  is 

't,  t. 

To  T.2 

/  ^/S.VjCi  ^^^  i*^^  •     Hence,  when  the  meter  reads  2  j  V^C^  cos  (<^  -  SO^U  ,  its 

T,  'Ti 

indications  will  be  too  high,  since 

To  T.2  T.J 

2  j  V^C\  COS  (<^  -  ■30°)dt  =  I  ViCj  73.COS  (lidt  +  jY^C^  sin  ct>dt , 

T,  *T,  T, 

and  when  it  reads  2  /  V^Cj  cos  (<^  +  30°yU ,  the  meter  will  be  under-registering. 

If  ^  =  30°,  then  in  the  former  case  the  meter  reads  33 J  per  cent,  high, 
and  in  the  latter  33 J  per  cent.  low.  When  <fi  =  60°,  the  meter  reads  either 
100  per  cent,  high,  or  it  stops,  and  when  ^  =  90°,  in  which  case  the  power 
absorbed  is  zero,  the  meter  indicates  as  though  its  speed  were  approximately 
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proportional  to  -58  times  the  true  three-phase  power  when  the  load  contains 
neither  self-induction  nor  capacity,  or  it  revolves  at  this  rate  in  the  reverse 
direction. 

Effect  of  Wrongly  Connecting  a  Three-phase  Three- wire  Meter. — It  has 
already  been  shown  that  a  three-phase  three-wire  meter  is,  in  general,  con- 
nected to  the  circuit  on  the  two-wattmeter  method  of  connection.  The 
instrument  is  usually  provided  with  six  terminals,  which  are  divided  into  two 
sets,  one  for  each  of  the  two  single-phase  motor  elements  comprising  the 
meter.  Each  set  has  generally  one  shunt  terminal  and  two  main  current 
terminals,  of  which  the  one  is  for  the  supply  and  the  other  for  the  load. 
When  the  meter  has  been  properly  installed  its  disc  will  revolve  in  the 
correct  direction,  which  is  indicated  by  an  arrow  on  the  meter  cover,  and  it 
will  function  correctly.  The  inference  must  not,  however,  be  drawn  that 
the  correct  direction  of  rotation  of  the  disc  is  in  itself  a  sufficient  guarantee 
that  the  indications  of  the  meter  will  be  correct.  It  is,  in  fact,  quite  possible 
to  so  connect  the  meter  that  the  disc  will  be  revolving  as  shown  by  the 
arrow,  but  it  will  be  registering  quite  wrongly.     It  must  be  remembered  that 
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Fig.  185. 


a  definite  relationship  exists  between  the  different  connections,  and  that  the 
meter  will  only  function  in  a  proper  manner  when  this  relationship  is 
observed.  In  actual  practice  it  often  happens  that  the  person  installing  a 
three-phase  three- wire  meter  knows  nothing  definite  as  to  the  phase  conditions 
of  the  three  supply  mains,  and  has  no  information  of  the  power  factor  of  the 
load.  It  is  then  quite  possible  for  him  to  easily  make  an  error  in  the  connec- 
tions, especially  the  shunt  connections ;  and  although  he  may,  on  closing  the 
circuit,  obtain  a  correct  direction  of  revolution  of  the  disc,  the  meter  in  all 
probability  will  be  registering  either  too  high  or  too  low. 

The  two-wattmeter  method  of  connection  may  be  carried  out  in  three 
different  ways,  as  illustrated  diagrammatically  in  Figs.  185  to  187.  The 
result  obtained  is,  however,  exactly  the  same  in  each  case.  In  all  these 
diagrams  Pj  and  P^  represent  the  two  motor  elements  of  the  meter,  and  for 
the  sake  of  clearness  Pj  and  P^  may  be  regarded  as  two  distinct  single-phase 
induction  meters.  The  letters  v  and  c  denote  respectively  the  instantaneous 
values  of  the  pressures  between  the  supply  mains  and  the  currents  in  those 
mains.  Mj  is  the  supply  terminal,  L^  is  the  corresponding  terminal  to  the 
load,  and  Sj  is  the  "shunt  terminal  of  the  meter  Pj ,  the  letters  M2,  etc.  having 
the  same  significations  for  the  meter  Pg* 
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Itcf erring  to  Fig.  185,  the  series  circuit  of  the  meter  Pj  is  placed  in  the 
supply  main  No.  1,  whereas  that  of  the  meter  Pg  is  placed  in  main  No.  2,  and 
the  shunt  connections  have  in  this  case  to  be  brought  from  the  two  shunt 
terminals  Sj  and  S^  to  the  third  supply  main  No.  3.  The  instantaneous  value 
of  the  power  is 

When  the  system  is  perfectly  balanced,  the  mean  power  has  been  shown  to 
be  given  bv 

P  =  Vp  Cj.  cos  (<^  -  30°)  +  Vi.Cj.  cos  (<^  +  30°), 

Vj  and  Cj  being  the  R.M.S.  values  respectively  of  the  P.D,  between  any 
two  of  the  supply  mains  and  the  current  in  any  one  of  these  mains,  cos  ^ 
denoting  the  power  factor  of  the  load.     The  one  meter  P^  revolves  at  a  rate 


proportional  to  V^Cj  cos  (<^  -  30  ),  and  the  second  meter  Pg  rotates  at  a 
speed  proportional  to  V^.C^.  cos  (<jf)  +  30°),  their  algebraic  sum  being  pro- 
portional to  the  true  power,  i.e.    J'^.  Vj.  C^.  cos  <f). 
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Fig.  186. 


Instead,  however,  of  placing  the  series  circuits  of  the  two  meters  in  the 
mains  1  and'  2,  they  may  be  placed  in  the  mains  2  and  3,  as  shown  in  the 
diagram  Fig.  186,  when  the  shunt  terminals  have  to  be  connected  to  main  1. 

The  mean  value  of  the  power  is  now  given  by 

])  =  v\.c^-v\.c^, 

and  the  two  meters  indicate  in  exactly  the  same  manner  as  in  the  previous 
case.  Pj  will  be  proportional,  as  before,  to  VpCj.  cos  (<^  -  30°)  and  Pg  to 
Vj^.Cj.  cos  (^  +  30°).  It  may  be  pointed  out  here  that  the  two  meters  would 
function  correctly  if  Pj ,  instead  of  being  connected  as  a  single-phase  meter  to 
mains  1  and  2,  were  connected  as  P.^  is,  and  the  corresponding  change  be  also 
made  as  regards  Pg.  The  sum  of  their  readings  would  indicate  the  true 
three-phase  energy,  but  in  all  probability  they  l)oth  would  rotate  in  the 
opposite  direction,  as  P^  would  now  be  proportional  to  V^.C^  cos  (</>-[- 30°), 
and  1*2  would  be  proportional  to  VpCp  cos  (</>  -  30°). 

The  third  method  of  connection  is  shown  in  dia<>:ram  Fig.   187,  and  the 


instantaneous  value  of  the  power  is 


is  again  proportional  to  Vj.Cj.  cos  (</>-- 30°)  and  Pg  ^^  ^i-^r  ^^^  (</)-l-30°). 
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It  will  be  observed  from  the  above  that  the  two  series  circuits  of  the 
polyphase  meter  may  be  placed  in  any  two  of  the  three  supply  mains,  but  that 
the  free  ends  of  the  two  pressure  circuits  {i.e.  the  shunt  terminals)  must  be 
connected  to  that  main  which  does  not  pass  through  the  meter. 

It  seems  advisable  to  first  connect  the  shunt  terminals  of  the  meter  to  any 
one  of  the  three  supply  mains,  then  to  bring  the  remaining  supply  mains  into 
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the  two  supply  terminals  (in  the  diagrams  marked  M^  and  Mg),  and  complete 
the  connections  on  the  load  side  of  the  meter.  If  the  meter  revolve  in  the 
wrong  direction  on  closing  the  circuit,  it  is  only  necessary  to  disconnect  the 
two  supply  mains  entering  the  meter  (at  M^  and  M2)  and  to  interchange 
them,  when  the  meter  will  rotate  as  indicated  by  the  arrow  on  its  cover,  and 
will  function  correctly.      The  terminals  of  the    meter  should  be  lettered  in 
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some  distinctive  manner,  especially  those  for  the  shimt  connections,  and, 
further,  the  three  supply  mains  should  always  be  furnished  with  some 
distinguishing  mark. 

In  Fig.  188  is  shown  diagrammatically  a  three-phase  three- wire  meter 
improperly  connected  to  the  system.  The  series  circuits  of  P^  and  Pg  are  placed 
in  the  mains  1  and  2,  as  in  Fig.  185,  but  one  of  the  pressure  circuits  is  wrongly 
connected.    Sj  should  be  joined  to  main  No.  3  ;  Sg  is  properly  connected. 


I 


POLYPHASE   METERS. 


193 


The  meter  will,  generally,  read  incorrectly.  Assuming  a  balanced  system, 
some  interesting  results  may  be  established.  If  the  currents  and  pressures 
be  exactly  in  phase,  i.e.  cos  ^=1,  the  meter  will  read  correctly.  A  very 
slight  deviation,  however,  from  unity  power  factor  will  cause  a  very  large 
error,  and  this  should  be  borne  in  mind,  as  in  actual  practice  exact  coincidence 
in  phase  between  the  current  and  the  pressure  is  never  realised.  Even  when 
the  load  consists  entirely  of  incandescent  lamps,  the  power  factor  is  not 
exactly  unity,  and  the  above  result  only  holds  when  it  is  absolutely  so. 

If  the  power  factor  be  "866,  i.e.  ^  =  30°,  the  meter  in  this  case  will  read 
33J  per  cent,  low,  whereas  with  a  power  factor  of  '5,  i.e.  <ji  =  60°,  the  meter 
will  stop,  the  true  power  being,  however,  ^S.V^.C^.  cos  60°,  i.e.  J  ^3.Vj.Cj. 
For  power  factors  less  than  '5  the  meter  reverses,  and_when  the  current  and 
pressure  are  in  quadrature,  i.e.  the  true  power  is  ^3.Vj.Cj.  cos  90°  =  0,  it 
continues  rotating  in  the  reverse  direction  and  at  a  speed  approximately  pro- 
portional to  -58  times  the  three-phase  power  when  the  power  factor  is  unity. 
On  the  other  hand,  if  the  meter  be  wrongly  connected,  as  indicated  in  Fig. 
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189,  it  will  generally  read  high,  except  for  a  unity  power  factor,  when  it  will 
register  correctly  as  in  the  former  case.  When  the  power  factor  is  '866 
(<^  =  30°)  it  will  be  33J  per  cent,  high,  and  when  the  power  factor  is  "5  it  will 
read  100  per  cent.  high.  As  the  power  factor  decreases  from  this  value  the  error 
will  also  grow  less,  and  when  the  power  factor  has  fallen  to  zero,  i.e.  <f>  —  90°, 
the  meter,  still  rotating  in  the  same  direction,  will  have  a  speed  approximately 
proportional  to  '58  times  the  power  when  the  power  factor  is  unity. 

Other  incorrect  methods  of  connection  will  readily  suggest  themselves  to 
the  reader,  who  will  be  easily  able  to  determine  the  degree  of  inaccuracy 
(  +  or  -  )  for  diiferent  power  factors  from  the  equations  and  principles  given 
in  Chapter  VII. 

It  may  be  as  well  to  emphasise  the  fact  that,  when  the  system  is 
unbalanced,  the  polyphase  meter  wrongly  connected  will  always  give  incorrect 
results. 

With  some  polyphase  meters  special  connections  have  to  be  employed, 
more  particularly  with  three-phase  four-wire  meters.  In  such  cases  it  is 
essential  to  know  exactly  the  order  in  which  the  supply  mains  are  to  be  taken, 
and    in  a  four-wire   svstem,   which  is   the  fourth  or  neutral  conductor.     In 
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practice,  the  correct  sequence  of  the  three  supply  mams  is  tested  by  the 
employment  of  a  three-phase  rotary  field  direction  indicator,  such  as  that 
manufactured  by  the  Siemens-Schuckert  Werke,  Berlin.  The  fourth  or 
neutral  conductor  of  a  three-phase  four-wire  system  is  easily  determined  by 
means  of  a  voltmeter. 

In  installing  meters  for  single-phase  or  polyphase  circuits  with  transformers 
(current,  pressure,  or  both),  care  should  be  taken  to  ascertain  whether  the 
transformer  will  introduce  any  modifications  in  the  connections  to  the  meter. 
With  single-phase  meters  this  is  not  of  very  great  importance,  as  the  correct 
direction  of  rotation  of  the  meter  disc  means  the  proper  working  of  the  meter. 
Consequently  if,  after  connecting  with  the  transformer  or  transformers,  the 
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direction  be  wrong,  it  is  easily  rectified  by  altering  the  meter  connections. 
This,  in  the  case  of  polyphase  meters,  only  holds  when  the  primaries  of  the 
transformers  have  been  properly  connected  to  the  three  supply  mains,  and  the 
two  sides  of  the  meter  have  been  correctly  joined  to  the  secondaries  of  the 
right  transformers. 

The  reason  for  the  modification  introduced  by  the  transformer  is  that  in 
some  designs  the  currents  in  the  primary  and  secondary  circuits  of  the 
transformer  are  at  every  moment  reversed  relatively  to  one  another,  and 
this  may  affect  the  connections  to  the  meter. 

Aron  Polyphase  Meters.— The  earliest  Aron  clock  meters  for  three-phase 
three-wire  circuits  were  based  on  the  equation 

Sp  -  v\{c^  -  Cg)  -h  v\{c^  -  Cg)  -f  v\{c^  -  Cj), 

the  letters  denoting  the  instantaneous  values  of  the  currents  in  the  three 
supply  mains  and  the  pressures  between  them.     Six  main  current  and  three 
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pressure  coils  were  consequently  required,  resulting  in  a  very  complicated 
instrument.  This  method  was,  however,  very  quickly  abandoned  and  a 
new  one  developed,  which  forms  the  basis  of  all  polyphase  three-wire  meters 
on  the  two-wattmeter  method,  the  equation  for  the  instantaneous  power 
becoming 


p  =  CyV 


2  ' 


the  proof  of  which  was  given  on  page  1 20. 

In  Fig.  190  is  given  a  diagrammatic  sketch  of  the  Aron  three-phase  three- 
wire  meter.  Mj  and  Mg  denote  the  stationary  main  current  coils,  and  S^  and 
S2  are  the  pressure  coils  carried  on  the  two  pendulums,  S^  and  Mj  operating 
together  and  also  S.,  and  M2.  Rj  and  Rg  ^^*^  suitable  resistances  in  the  two 
pressure  circuits,  and  t^,  t^,  t^  represent  three  flexible  spiral  connections  h^ 
means  of  which  the  pressure  currents  are  conducted  to  and  from  the 
swinging  volt  coils. 

Dr  Aron  was  not  only  the  first  to  construct  three-phase  three-wire  meters, 
indicating  the  general  method  to  be  adopted,  but  also  established  the  formulse 
for  the  construction  of  three-phase  meters  for  systems  with  four  conductors, 
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and  designed  clock  and  motor  meters  for  this  purpose.  The  instantaneous 
value  of  the  power  for  a  three-phase  four-wire  system  (Fig.  191),  as  shown  on 
page  128,  is 

This  equation  reduces  to 

P  =  ^1(^1-^3) +  ^2(^2 -^3)' 
which  may  be  written 

p  =  ?.'jCi -f  ^2^2  -  ^3(^1  +  ^^2)  ....  (i). 

In  Fig.  192  is  shown  diagrannnatically  the  arrangement  of  the  main 
current  and  pressure  coils  of  an  Aron  clock  meter  based  on  equation  (i).  S^ 
and  S2  are  the  shunt  coils  on  the  two  pendulums,  arranged  in  such  a  manner 
that  the  current  c-^  in  the  coil  A  acts  on  the  pendulum  carrying  the  shunt  coil 
Sj,  energised  by  a  current  proportional  to  v-^ .  The  current  c^  in  the  coil  B 
acts  on  the  volt  coil  Sg  of  the  second  pendulum  connected  across  M2  and  Mq. 
The  central  coil  C  carries  the  current  c^  in  the  main  M3  and  acts  on  both  the 
pendulum  coils.  As  it  is  necessary  to  retard  one  penduhun  and  accelerate 
the  other,  the  two  shunt  coils  are  so  connected  that  they  always  produce 
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opposite  polarities  relatively  to  one  another ;  while  the  eurrents  in  the  coils 
A  and  B  circulate  in  the  same  direction,  that  in  coil  C  flows  in  the  opposite 
direction.  The  above  equation  (i)  requires  that  the  current  coils  should  be 
so   arranged   that   they  affect   the   pendulums  equally.      This   is,  however, 


Fig.  194, 


often  a  matter  of  inconvenience  on  account  of  limitations  of  space,  and  n 
different  arrangement  can  be  used. 

Equation  (i),  as  shown  on  page  1-30,  can  be  transformed  into 


p='''i('^i+|) -'%+!)  • 


p  =  '!,c^->!.,c.,-:£(v,-v,]  . 


(ii). 
(iii). 
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Equation  (iii)  shows  tliat  the  middle  coil  can  be  placed  at  a  greater  distance 
from  the  two  pendulums  than  the  other  two ;  it  also  canies  the  current  in  the 


Fig.  195. 


fourth  conductor  M^,  and  must  be  adjusted  so  that  its  effect  is  only  equal  to 
one-third  of  the  current  in  the  neutral  conductor  M^.  The  connections  of  the 
coils  are  also  quite  different  from  the  former  case,  and  are  shown  in  Fig.  193  : 
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the 


194, 


it  will  also  be  seen  that  the  pressures  used  are  now  not  those  between 
mains  and  the  fourth  conductor. 

A  complete  three-phase  four-wire  Aron  meter  is  illustrated  in  Fig. 
and  is  based  on  equation  (i). 

The  Bat  Polyphase  Meters.— The  Bat  two-phase,  or  three-phase,  three- 
wire  meter  is  illustrated  in  Fig.  195,  which  shows  the  arrangement  of  the 
various  parts.  It  consists  of  two  single-phase  motor-meter  elements,  each  of 
which  is  similar  to  that  used  in  the  single-phase  type,  and  both  these  driving 
systems  act  upon  the  same  disc.  A  separate  brake  disc  mounted  on  the 
lower  part  of  the  axle  is  used,  and  it 
revolves  between  the  poles  of  two  per- 
manent magnets. 

The  method  of  connection  is  the 
ordinary  two-wattmeter  one,  as  will  be 
seen  from  the  illustration.  The  driving 
torque  exerted  on  the  armature  disc  by 
each  motor  element  should  be  the  same 
for  the  same  load.  The  adjustment  is 
made  by  lowering  or  raising  the  iron 
plate  Eg,  Fig.  195,  by  means  of  the  screw 
V,  until  the  torque  exerted  by  the  part  A 
is  equal  to  that  produced  by  B,  each  side 
being  tested  on  the  same  load  as  a  single- 
phase  meter.  When  the  disc  Eg  is  lowered 
the  torque  of  A  will  be  increased. 

It  is  important  to  bear  in  mind  that, 
whichever  motor  part  (A  or  B)  is  being- 
tested,  the  shunt  coils  of  the  two  motor 
systems  m\ist  always  be  energised,  other- 
wise errors  will  be  introduced.  The  reason 
is  that  the  one  shunt  system  acts  as  a 
brake  to  the  other ;  and  unless  both  the 
shunts  be  energised  in  testing  the  meter, 
it  will  read  low  when  connected  to  a 
three-phase  installation.  This  applies  to 
any  three-phase  meter  of  this  type. 

The  Bat  Meter  Company  also  supply  a 
special  three-phase  four-wire  meter.  The 
general  construction  of  the  meter  will  be 

followed  from  the  front  view  of  the  instrument  given  in  Fig.  196.  Two  pairs 
of  main  current  and  two  pairs  of  shunt  coils  operate  on  the  top  armature 
disc,  producing  two  driving  systems  very  similar  to  those  used  in  the  three- 
phase  three- wire  meter,  the  difference  being  as  regards  the  connections  of  the 
coils  and  their  effect  on  the  disc. 

The  principle  of  the  meter  is  based  on  the  equation 

the  letters  denoting  instantaneous  values,  and  the  proof  of  the  equation  is 
given  on  page  130.  The  method  of  connection  is  shown  diagrammatically  in 
Fig.  197. 

M^  and  Mg  are  the  two  main  current,  and  S^  the  shunt,  coils  'of  the  one 
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motor  system  which  act  together ''on  the  disc,  and  Mg 


M^,  and  Sg 


are  the 
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corresponding  coils  of  the  second  motor  element.  Mj  is  placed  in  main  No.  I, 
Mg  and  Mg  are  connected  together  in  series  and  placed  in  main  No.  2, 
and  M^  is  in  main  3,  the  shunt  coils  Sj  and  S^  being  connected  between  the 
fourth  or  neutral  wire  and  the  mains  1  and  3  respectively.  The  meter  will 
give  the  total  three-phase  energy,  however  unbalanced  the  circuits  may  be. 

The  Electrical  Company's  Three-phase  Meter. — The  three-phase  meter 
for  three-wire  circuits  of  the  Electrical  Company,  Ltd.,  London,  possesses  the 
characteristic  feature  of  having  only  one  pressure  circuit  in  contrast  to  the  two 

( 1  pressure   circuits   of   most   poly- 

^^    9    WV^    •  I  phase  meters  with  the  two-watt- 

meter method  of  connection.  In 
this  manner  the  shunt  loss  is 
kept  small,  the  construction  of 
the  meter  is  simplified,  and  the 
troubles  due  to  rupture  of  the 
fine  wire  of  the  pressure  circuit 
are  minimised.  The  result  is 
obtained  by  assuming  that  the 
three  tensions  of  the  system 
are  always  equal  to  one  another. 
It  will  be  followed  by  reference 
to  Fig.  198,  which  represents 
a  diagram  of  connections  of  the 
meter,  and  to  the  vector  diagram  in  Fig.  199.  M^  and  M^  are  the  two 
main  current  coils  of  the  meter,  and  S^  and  Sg  are  the  shunt  coils  pro- 
ducing respectively  with  M^  and  Mg  the  rotary  fields  w  liich  drive  the  disc ;  I  is 
the  impedance  coil.  With  the  connections  as  shown  the  pressure  used  is  v\. 
The  pressure  current  c^  is  displaced  30°  with  reference  to  the  phase  of  v^  and 
operates  with  the  current  in  Mg.  It  will  be  seen  from  Fig.  199  that  the 
flux  due  to  c'2  in  Sg  is  at  right  angles  to  v^ ,  i.e.  to  the  flux  produced  by  the 
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current  in  the  main  coil  Mg  when  the  load  is  non-inductive.  The  pressure 
current  r' ^  is  split  into  two  portions  by  means  of  the  non-inductive  resistance  R 
in  parallel  with  the  coil  Sj ,  so  that  the  pressure  current  c'j  in  this  coil  operating 
with  Mj  is  at  right  angles  to  v^ ,  and  the  shunt  and  main  current  fluxes  are 
again  displaced  by  a  quarter  period  when  the  load  is  an  inductionless  one,  the 
other  component  of  the  sliunt  current  c'3  in  the  non-inductive  resistance  being 
ill  phase  with  Vy  The  total  torque  on  the  disc  is  thus  proportional  to  the 
true  power  absorbed.     The  meter,  with  the  cover  removed,  is  shown  in  Fig. 
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200.  The  construction  of  each  motor  element  is  very  similar  to  that  employed 
in  the  single-phase  meter,  type  K.J.  (see  page  135).  One  choking  coil  is 
used,  and  a  secondary  winding  is  wound  on  the  central  limb  of  the  right-hand 
magnet.  The  conductivity  of  this  winding  is  .  adjusted  by  means  of  the 
sliding  contact,  clearly  sliown  in  the  illustration,  in  obtaining  the  requisite 
phase  relationships,  together  with  the  non-inductive  resistance  on  the  left  of 
the  meter  spindle.  The  same  disc  is  operated  upon  by  both  motor  elements 
and  acts  as  the  brake  disc,  revolving  between  the  poles  of  a  permanent  magnet. 
Three-phase   A.C.T.    Meter. — This   meter   of    the    Compagnie    pour    la 


Fig.  200. 


Fabrication  des  Compteurs,  Paris,  consists  of  a  combination  of  two  of  their 
A.C.T.  single-phase  meters  driving  a  single  disc,  the  work  done  being 
absorbed  by  the  brake  magnet.  Kach  meter  system  consists  of  a  pressure  coil 
and  two  main  current  coils,  the  latter  being  in  parallel  with  one  another,  and 
wound  in  opposite  senses.  The  (piarter-phase  displacement  l)etween  the  shunt 
and  series  fluxes  is  obtained  witli  each  system,  when  the  load  is  a  non-inductive 
one,  by  means  of  the  adjustable  resistance  in  series  with  one  of  the  main 
current  windings,  in  exactly  the  same  manner  as  for  the  A.C.T.  meter 
described  in  Chapter  VIII.     The  other  adjustments  are  also  similar.     ' 

The   Deutsch-Russische    Three-phase  Meter.— The  three-phase  meter  of 
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the  Deutscli-Kussische  Elect ricitatszahler-Gesellschaft,  Germany,  consists  of 
two  of  their  single-phase  induction  meters,  type  W.J.,  described  on  page  145. 
The  two  meters  are  mounted  together  on  one  common  base,  as  will  be  seen 
from  the  illustration  given  in  Fig.  201,  and  the  sum  of  the  readings  of  the 
two  counters  gives  the  total  three-phase  energy  consumption.  With  this 
arrangement  the  state  of  balance  of  the  phases  of  the  system  can  be  readily 
determined,  and  the  two  meter  readings  will  be  exactly  the  same  when  the 
three-phase  system  is  perfectly  balanced  and  the  power  factor  is  unity. 

Fort  Wayne  Polyphase  Meter. — The  polyphase  induction  meter  of  the 
Fort  Wayne  Electric  Works,  Fort  Wayne,  Indiana,  U.S.A.,  consists  of  two  of 
their  type  K  induction  motor-meter  elements  operating  upon  one  aluminium 
cylinder,    the   speed    of    which    is    controlled    in    the   usual    manner  by  two 

adjustably  mounted  vertical 
permanent  magnets.  The 
general  arrangement  is  very 
clearly  shown  in  the  view 
given  in  Fig.  202  of  the 
switchboard  meter,  and  the 
connections  are .  made  on 
the  ordinary  two-wattmeter 
method. 

Two  sets  of  series  coils, 
one  in  each  side  of  a  two- 
phase  four-wire  or  two-  or 
three-phase  three-wire  circuit, 
are  mounted  on  arms  screwed 
to  the  lower  brackets,  and 
together  with  the  shunt  coils 
produce  the  total  driving 
torque  on  the  cylinder.  The 
impedance  coils  used  in  each 
pressure  circuit  are  situated 
at  the  bottom  of  tlie  instru 
ment.  The  adjustments  for 
each  motor  system  are  made 
in  exactly  the  same  manner 
as  in  the  single-phase  meter, 
type  K,  described  on  page 
162. 
Siemens-Schuckert  Polyphase  Meters. — The  Siemens-Schuckert  Werke 
manufacture  two  types  of  three-phase  meters  for  unequally  loaded  three-phase 
three-wire  systems.  Their  U.D.  type,  Fig.  203,  is  simply  a  combination  of 
two  of  their  single-phase  meters,  a  description  of  which  has  been  given  on 
page  141.  The  revolving  element  is  composed  of  an  axle,  on  which  are 
mounted  two  aluminium  drums,  an  aluminium  brake  disc,  and  a  worm  to  con- 
vey the  rotations  of  the  spindle  to  a  counting  train.  The  work  done  by  the 
two  induction  motors  is  absorbed  by  the  brake  disc,  rotating  between  the 
poles  of  a  permanent  magnet.  The  drum  of  each  induction  motor  is  driven 
by  the  rotary  magnetic  field,  produced  by  the  two  main  current  coils,  and  the 
two  pressure  coils,  which  are  wound  on  the  four  poles  of  the  motor  frame. 
The  90°  phase  displacement,  between  the  shunt  and  series  fluxes  of  each  meter 
system,  when  the  load  is  non-inductive,    is   produced    in    exactly   the    same 


Fig.  201. 
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manner  as  in  the  corresponding  single-phase  type.  Denoting  the  three-phase 
mains  in  order  by  the  numbers  1,  3,  and  2,  the  main  current  coils  of  the  one 
motor  are  traversed  in  series  by  the  current  in  main  1,  and  those  of  the 
second  motor  by  the  current  in  main  2.  The  pressure  coils  of  the  first  motor 
are  then  placed  in  series  across  the  three-phase  wires  1  and  3,  and  the  remain- 
ing pressure  coils  are  connected  in  series  between  the  branches  2  and  3.  The 
same  method  of  trembling  support  of  the  moving  system  is  used  as  in  the  case 
of  the  single-phase  meter. 

Fig.  204  is  a  general  view  of  the  Siemens-Schuckcrt  three-phase  meter, 
type  F.U.,  and  in  Figs.  206-208  are  given  the  details  of  its  constituent 
parts. 

Two  aluminium  discs  mounted  on  the  same  axle  comprise  the  armature  of 


Fro.  202. 


Fig.  203. 


the  meter.  Each  disc  is  acted  upon  by  two  main  current  coils,  and  either  one 
or  two  shunt  coils,  according  to  the  pressure,  each  shunt  coil  being  wound  on 
one  of  the  vertical  limbs  of  a  laminated  iron  magnet,  in  the  air-gap  of  which 
the  disc  rotates.  The  main  current  coils  of  the  first  disc  are  connected  in 
series  and  are  traversed  by  the  current  in  the  main  1  of  the  three-phase 
system.  The  one  main  current  coil  of  the  second  disc  carries  the  current  in 
main  3,  and  the  other  has  flowing  in  it  the  current  in  main  2.  The  two  (or 
four  shunt)  coils  are  coupled  together  in  star  with  an  impedance  coil,  and 
their  free  ends  are  connected  to  the  three  sides  of  the  three-phase  network. 
The  method  of  connection  is  illustrated  diagrammatically  in  Fig.  205.  The 
two  main  current  coils,  connected  in  series,  of  the  upper  disc,  are  represented 
by  Mj  -f  Mg ,  and  they  operate  with  the  shunt  coil  or  coils  S^,  Mg  and  M^ 
denote  the  two  remaining  current  coils,  which,  in  conjunction  with  the  shunt 
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coil  or  coils  8^ ,  drive  the  lower  disc,     I  is  the  impedance  coil,  in  star  with  Sj 
and  82 . 

The  equation  upon  which  the  meter  is  based,  viz. 

has  been  explained  in  Chapter  VIL,  on  page   128.     Each  of  the  two  discs. 


Fig.  204. 


further,  rotates  between  tlie  poles  of  a  permanent  magnet,  wliich  induces  the 
retarding  eddy  currents. 

Three  aluminium  castings  are  used  to  support  the  different  elements  of 
the  meter.  These  consist  of  the  cfrcular  base  (Fig.  204),  on  which  the  whole 
meter  is  mounted,  the  E-shaped  bracket  (Fig.  206),  which  serves  to  carry  the 
revolving  element,  and  the  shunt  and  series  systems,  and  finally  the  front 
frame,  to  which  are  attached  the  integrating  train  and  brake  magnets,  as 
shown  in  Fig.  204,  The  revolving  element  consists  of  two  aluminium  discs, 
which  are  ribbed  to  increase  their  rigidity,  and  are  attached  to  the  common 
spindle  by  means  of  brass  luibs,  the  one  near  the  top  and  the  other  at  the 
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From  Generator 


one  on  each  side  of  the  shunt  magnet  (Fig. 


To  Loaxl 


Fig.  205. 


lower  end.     A  small  fan  to  balance  the  moving  system  is  carried  on  the  spindle 

in  addition  to  the  two  discs  and  the  brass   driving    worm.     The    revolving 

clement,  with  the  lower  disc  removed,  is  clearly  shown  in  Fig.  208. 
The  electrical  details  ^^ 

of   the   series  and  shunt 

systems  are  given  in  Fig. 

207.    Two  views  of  a  main 

current  coil  are  shown  at 

//,    very  clearly  illustrat- 
ing the  method  employed 

in   fixing   the  same,   and 

the    construction    of    the 

laminated        rectangular 

shunt  magnet  Sj  will  be 

understood    by   reference 

to  its    parts  a,   h^  and  c. 

A  shinit  coil  is  also  shown 

below  the  magnet  at  D.     The  series  coils  are  oblong  in  shape  and  are  mounted 

206).  The  bolts  securing  them 
to  the  E-shaped  bracket  pass 
through  slots  in  the  latter, 
so  that  the  position  of  the 
coils  can  be  altered  for  ad- 
justing the  instrument.  The 
impedance  coil  is  constructed 
in  the  same  manner  as  the 
shunt  magnets,  and  is  fixed 
to  the  base  of  the  meter. 

A  very  easy  and  sensitive 
adjustment  for  compensating 
for  friction  on  light  loads  is 
obtained  by  the  use  of  a 
small  iron  bolt,  shown  on  the 
right  in  Fig.  208,  above  the 
upper  aluminiimi  disc.  This 
bolt,  or  starting  screw,  is  in- 
serted in  either  the  right-  or 
left-hand  hole  in  the  top 
ledge  of  the  E-shaped  bracket. 
According  to  its  position, 
in  which  it  is  secured  by 
a  lock-nut,  it  produces  a 
rotation  either  to  the  left 
or  to  the  right.  The  sup- 
plemental torque  exerted  in 
this  manner  results  from  the 
attraction  between  the  iron 
bolt  and  the  eddies  induced 
magnitude  depends  on  the  height 
in  phase  between  the  shunt 
by    means   of   non-inductive 


Fig.  206. 


in  the  disc  by  the  shunt  magnet,  and  its 

of   the   bolt   above   the    disc.       The   difference 

and  series  fluxes  of   each   system   is   adjusted 

resistances  connected  to  the  shunt  coils,  and  the  speed  of  the  meter  at  the  high 
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loads  can  be  varied  by  moving  the  damping  magnets,  which  are  adjustably 
mounted  relatively  to  the  discs  for  this  purpose.  The  driving  torque  can,  if 
required,  be  also  changed,  as  each  main  current  coil  admits  of  lateral  displace- 
ment, as  already  explained. 

Thomson  Polyphase  Induction  Meter. — The  general  arrangement  of  the 
Thomson  polyphase  watt-hour  meter  of  the  British  Thomson-Houston 
Company,  Rugby,  and  the  General  Electric  Company,  Schenectady,  U.S.A., 
suitable  for  balanced  and  unbalanced  two-phase  or  three-phase  three-wire 
circuits,  will  be  understood  from  the  illustration  of  the  Switchboard  type  in  Fig. 
209.  The  revolving  disc  is  driven  by  two  electrical  systems,  each  of  which 
consists  of  a  potential  coil  carried  on  a  laminated  iron  magnet,  and  two  series 
coils  without  iron,  arranged  on  either  side  of  the  shunt  magnet  and  below  the 


Fig.  207. 

disc,  the  potential  coil  being  above  the  latter.  Each  shunt  or  potential 
coil  is  in  series  with  an  impedance  coil.  The  retarding  torque  is  obtained 
from  two  magnets,  each  magnet  belonging  to  its  particular  electrical  system. 
The  light  load  adjustment  consists  in  slightly  displacing  the  potential  coils 
above  the  disc,  and  is  made  with  the  current  flowing  in  one  set  of  main  coils 
only,  that  i%  treating  the  instrument  as  a  single-phase  meter,  running  on 
about  yV  non-inductive  load ;  both  pressure  circuits  must,  however,  be 
energised.  If  the  meter  run  slow  the  potential  core  must  be  moved 
in  a  direction  opposite  to  the  direction  of  rotation  of  the  disc  by  means 
of  two  screws  in  the  top  of  the  support.  This  operation  should  be  repeated 
for  the  other  motor  system  to  effect  a  satisfactory  adjustment. 

A  non-creeping  device  is  used,  and  is  simply  a  piece  of  iron  wire  attached 
to  the  hub  of  the  disc.  The  wire  stands  parallel  to  the  meter  shaft  and,  if 
creeping  should   occur,   is   slightly  inclined    radially  away   from    the   shaft. 
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The  Westinghouse  Polyphase  Meter,  for  both  balanced  and  unbalanced 
loads,  consists  simply  of  two  single-phase  meters,  that  is,  of  two  electro-mag- 
netic systems  acting  upon  two  discs,  mounted  on  a  common  shaft,  each  disc 
having  its  own  magnet.  The  method  of  connection  is  on  the  same  principle 
as  that  used  in  the  ordinary  two-wattmeter  method  of  measuring  power  in 


Fig.  208. 


a  polyphase  circuit,  the  total  torque  exerted  on  the  meter  shaft  being  an 
algebraic  sum  of  the  torques  on  the  two  discs,  as  the  total  power  would  be 
the  sum  of  the  two  wattmeters.  The  common  spindle  drives  a  single  inte- 
grating train,  which  registers  direct  the  total  energy  supplied  to  the  polyphase 
system  and  at  all  powder  factors.  The  current  capacity  marked  on  the  dial 
of  the  meter  is  the  current  in  each  wire  of  the  polyphase  system,  and  the 
voltage  is  that  across  one  phase. 

Fig.  210  is  a  diagrammatic  sketch  of  a  polyphase  meter  connected  to  a 
three-phase  system  for  the  case  in  which  both  current  and  pressure  trans- 
formers are  used.  For  a  two-phase  circuit  the  connections  are  similar,  the 
top  connections  going  to  one  phase  and  the  bottom  connections  to  the  other 
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phase.     The  full  load  speed  is  the  same  as  in  the  single-phase  type,  namely, 


Fig.  209. 
fifty  revolutions  per  minute,  and  is  the  rate  of  rotation  of  the  shaft  when 


Shunt  or  IMF  Coils 

Series  or  Current 
Coils 


Shunt  Transformers 


Series  Trans. 
Fig.  210. 


the  watts  on  each  circuit  of  the  meter  are  equal  to  the  rated  watts,  that  is, 
to  the  product  of  the  amperes  and  volts  marked  on  the  dial. 


CHAPTER  X. 
Tariff  Systems. 

General — Flat  Rate  Systems  with  and  without  Discounts— The  Manchester  System — The 
Maximum  Demand  System — The  Step-tariff  System — The  Halle  Tariff  System — The 
Two-rate  System— The  Prepayment  System— The  Hour  Meter  System — List  of  Papers 
on  Systems  of  Charging. 

General. — Great  diversity  of  opinion  exists  in  connection  with  electricity 
tarification,  not  only  in  this  coinitry  but  abroad.  Numerous  papers  on 
systems  of  charging  have  appeared  within  recent  years,  and  a  list,  by  no 
means  exhaustive,  is  appended  in  the  interest  of  those  desirous  of  further 
information  on  this  important  and  complex  subject,  as  it  is  only  intended  to 
give  here  in  outline  a  few  of  the  tariff  systems  in  vogue  as  an  introduction 
to  the  chapters  on  tariff  and  prepayment  meters. 

The  cost  of  the  generation  and  supply  of  electricity  differs  from  that 
incident  to  the  production  and  distribution  of  most  commodities,  because  it 
cannot,  in  the  present  state  of  the  electrical  industry,  be  readily  and  economi- 
cally stored,  but  has  to  be  produced  as  it  is  required.  The  capacity  of  both 
the  plant  in  the  station  and  of  the  mains  must  be  sufficient  to  meet  the 
maximum  possible  demand  which  can  be  made  at  any  time  on  the  electricity 
undertaking  by  the  various  classes  of  consumers  supplied,  irrespective  of  the 
fact  that  the  average  load  is  considerably  below  this  amount.  Moreover,  the 
supply  station  must  always  be  in  a  state  of  readiness  to  deliver  current  when- 
ever a  supply  is  demanded,  and  whatever  its  magnitude.  The  price  chargeable 
to  a  consumer  is,  therefore,  not  entirely  governed  by  the  quantity  of  units 
consumed,  but  depends  to  a  large  extent  on  the  rate,  the  time,  and  the  duration 
of  the  supply. 

Dr  John  Hopkinson  was  the  first  to  explain  the  principles  underlying 
the  cost  of  electricity  supply,  and  to  show  that  it  may  be  divided  into  two 
classes — 

(1)  The  cost  incurred  in  preparing  to   supply  (inclusive   of   the  annual 

charges  on  capital  outlay). 

(2)  The  cost  of  maintaining  the  supply. 

These  two  items  of  expenditure  have  been  very  appropriately  termed 
"  Preparation  and  Production  Costs,"  respectively,  by  Mr  Arthur  Wright. ■**" 

The  preparation  costs,  which  are  the  heavier  of  the  two,  are  independent 
of  the  actual  output  of  the  station  at  any  time,  whereas  the  production  costs 
vary  directly  with  the  amount  of  electrical  energy  which  is  generated.  In 
his  presidential  address  to  the  Junior  Engineering  Society  on  4th  November 

*  "  Some  Principles  underlying  the  Profitable  Sale  of  Electricity,"  Journal  of  the  Instita- 
tloii  of  Electrical  Engineers,  1902,  ])art  155,  vol.  xxxi. 
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1892,  Dr  Hopkinson  formulated  the  maxim  that  there  should  ])e  proportion- 
ality of  charge  to  cost  of  supply,  or,  as  he  stated  it,  "the  charge  for  a 
service  rendered  should  bear  some  relation  to  the  cost  of  rendering  it." 

The  special  tariff  systems  which  have  been  introduced  are  all  more  or 
less  based  on  the  Hopkinson  doctrine,  but  differ  in  the  methods  by  which  it 
is  carried  out  in  practice.  The  object  aimed  at  is  the  ultimate  use  of  electri- 
city throughout  the  twenty-four  hours  of  the  day,  whether  for  motive  power, 
illuminating,  heating,  or  other  domestic  purposes,  and  the  equitable  treatment 
of  all  consumers,  irrespective  of  their  demands  and  their  use  of  the  electric 
current,  consistent  with  a  profit  comparable  with  that  of  other  undertakings 
having  the  same  risks. 

Some  consumers,  from  the  nature  and  duration  of  their  demand  for  current, 
are  more  profitable  to  the  supply  station  than  others,  and  it  is  generally 
endeavoured  to  give  them  every  encouragement.  On  the  other  hand,  no  custom 
can  very  well  be  refused,  in  face  of  the  keen  competition  with  gas  and 
hydraulic  power  companies,  and  that  which  exists  amongst  rival  electricity 
undertakings.  Electricity  supply  is  as  important  and  essential  as  a  gas  or 
water  supply.  With  reference  to  those  consumers  who  take  current  for  lighting 
only,  a  large  difference  exists  between  the  long-hour  consumer  and  the  shor1> 
hour  consumer.  The  cost  of  supplying  electrical  energy  to  the  former  is  less 
than  that  of  supplying  the  short-hour  consumer,  on  account  of  the  preparation 
costs  being  so  very  much  heavier  in  the  case  of  the  short-hour  consumer,  as 
he  makes  excessive  demands  on  the  station  for  relatively  very  short  periods 
only,  whereas  the  long-hour  consumer's  demand  is  at  a  much  smaller  rate,  but 
is  steadily  maintained  over  long  periods.  The  long-hour  consumer  is,  therefore, 
a  source  of  greater  profit  to  the  supply  company  than  the  short-hour  user, 
although  the  latter's  actual  consumption  may  be  very"  much  greater.  In 
addition  to  the  above  two  classes  of  lighting  consumers,,  there  is  the  consumer 
who  takes  current  during  the  day  for  power,  heating,  or  cooking,  or  basement 
lighting.  A  considerably  reduced  price  is  made  to  such  a  consumer  for  a  day 
supply  of  current.  The  total  annual  output  of  a  station  is  largely  increased 
by  such  day  loads,  and,  consequently,  the  average  cost  per  unit  during  the 
year  is  considerably  diminished,  so  that  a  large  reduction  can  be  made.  This 
large  difference  between  the  price  for  current  for  power  and  that  for  lighting 
is  only  justifiable  on  the  ground  that  the  demand  for  power  is  sufficiently 
large,  and  does  not  take  place  when  current  is  used  for  illuminating  purposes, 
i.e.  is  not  coincident  with  the  lighting  peak  hours.  In  winter,  and  when 
factories  and  other  industrial  establishments  are  working  overtime,  the  demand 
for  power  and  that  for  light  will  overlap,  and  no  distinction  should  then  be 
made  between  the  two  currents.  When  the  current  is  used  at  this  time, 
whether  for  motive  power,  lighting,  or  any  other  class  of  work  whatever,  the 
charge  should  be  on  the  same  basis  as  that  obtaining  for  lighting  only.  In 
other  words,  no  difference  can  be  drawn  between  two  currents  of  electricity 
with  reference  to  the  nature  of  the  work  they  perform,  but  only  as  regards 
tlie  time  of  day  when  they  arc  used  in  relation  to  the  cost  of  production. 

Flat  Bate  Systems,  with  and  without  Discounts.— With  a  flat  rate,  or 
uniform  tariff,  one  charge  per  unit  is  made.  The  advantage  of  this  method 
of  charging  is,  that  it  is  readily  understood  by  the  public,  and  entails  a 
mininumi  of  clerical  work  in  estimating  the  accounts.  It  gives,  however,  no 
encouragement  to  the  general  use  of  electricity  during  the  day,  nor  does  it 
offer  any  inducement  to  the  long-hour  consumer  to  continue  his  custom. 
Flat  scales  are  in  use  in  several  small  undertakings,   but  in  the  majority  of 
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the  large  towns  mixed  systems  arc  employed.  In  many  instanees  discomits 
are  given  based  on  the  quantity  of  electricity  supplied,  independent  of  the  time 
and  rate  of  demand.  It  is  quite  impossible,  with  advantage  to  the  supply 
station,  for  consumers  to  be  treated  equitably  on  such  a  basis,  as  the  cost  of 
supply  depends  more  on  the  rate  of  supply  than  on  the  total  quantity 
delivered,  although  it  is  made  up  of  both  these  factors.  A  user  who,  per 
quarter,  six  months,  or  year,  takes  the  same  total  number  of  units  as  another, 
but  at  a  considerably  higher  rate,  makes  a  much  heavier  demand  on  the 
station  and  uses  current  for  a  shorter  number  of  hours.  He,  therefore, 
costs  more  to  supply,  and  his  share  towards  defraying  the  expenses  should 
be  proportionately  large. 

The  Manchester  System. — This  system  of  charging  was  introduced 
by  Dr  John  Hopkinson,  and  consisted  in  making  a  fixed  charge  per  quarter, 
proportioned  to  the  greatest  rate  of  supply  the  consumer  would  ever  take, 
and  a  charge  by  meter  for  the  actual  units  consumed.  According  to  the 
Electrical  Mevieiv's  list  of  electricity  supply  works  of  the  United  Kingdom, 
14th  July  1905,  a  mixed  maximum  demand  and  sliding  scale  system  is  now 
in  vogue. 

The  Maximum  Demand  System. — The  maximum  demand  system  was 
initiated  at  Brighton  by  Mr  Arthur  Wright,  and  is  known  as  the  '  Wright ' 
maximum  demand,  or  the  'Brighton,'  system  of  charging.  It  is  in  use  in 
many  other  supply  stations,  in  a  large  number  of  which,  however,  it  is  not 
used  exclusively.  The  principle  of  the  method  is  that  laid  down  by  Dr 
Hopkinson,  and  consists  in  charging  the  consiuner  two  prices,  of  which  the 
one  is  dependent  on  the  preparation  costs,  and  the  other  on  the  production 
costs  incurred  by  the  station  in  supplying  him.  The  preparation  costs  vary 
directly  with  his  maximum  demand,  i.e.  with  his  greatest  rate  of  taking 
electrical  energy  during  any  time.  For  the  purpose  of  ascertaining  his 
demand,  an  instrument  called  a  maximum  demand  indicator  is  placed  in  the 
main  circuit  with  the  meter  proper,  which  registers  in  the  ordinary  manner 
the  total  units  consumed.  The  Wright  maximum  demand  indicator  and 
other  instruments  of  this  class  are  described  in  Chapter  XII.  The  demand 
indicator  measures  the  maximiun  current  taken  by  the  installation.  On  the 
scale  of  the  instrument,  not  only  is  this  maximum  current  given,  but  the  units 
consumed  per  (juarter,  or  during  any  other  period,  are  indicated  on  the 
assumption  that  the  demand  has  been  taken  for  one  hour  (or  more)  per  day 
throughout  the  time  chosen.  On  account  of  the  time-lag,  or  sluggishness  of 
action  of  these  instruments,  slight  increases  of  current  of  very  short  duration 
or  momentary  short-circuit  currents  do  not  produce  abnormal  registrations. 

The  charge  on  this  system  is  best  expressed  in  the  form  of  an  equation,  as 
follows  : — 

where    C  =  total  amount  of  bill  for  the  quarter  ; 
p^  =  price  per  maximum  demand  unit  ; 
p.2  =  price  per  unit  for  those  units  in  excess  of  the  maximum  demand 

units ; 
D  ==  total  maximum  demand  \mits  consumed  during  the  quarter  ; 
L  =  U-D;  and 

U  =  total  units  consumed  in  the  quarter,  as  registered  by  the  meter 
proper. 

If  K  denote  the  maximum  demand  in  kilowatts,  n  the  number  of  hours  per 
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day  during  which  the  maxinmm  demand  is  assumed  to  be  nsed,  then,  taking  a 
quarter  of  ninety-one  days, 

D  =  91.?i.K. 

The  maximum  demand  K  in  kilowatts  is  readily  estimated  from  the  maximum 
current  A  given  by  the  demand  indicator.     If  V  be  the  supply  voltage,  then 

1000' 

As  already  mentioned,  the  demand  luiits  b  corresponding  to  the  maximum 
currents  A  are  directly  obtainable  from  the  demand  indicator.  At  Brighton 
the  charge  per  maximum  demand  unit  is  8d.,  the  duration  of  the  demand  per 
day  is  taken  at  one  hour,  and  a  low  charge  of  only  Id.  per  unit  is  made  for 
alf  units  consumed  in  excess  of  the  demand  units.  Taking  a  consumption  of 
1000  units  in  a  quarter  of  ninety-one  days,  and  assuming  that  the  maximum 
demand  from  the  indicator  is  6  kilowatts,  the  amount  chargeable  to  the  con- 
sumer is  readily  calculated.     Using  the  Brighton  charges,  then 

p,  =  Sd.;p,=  ld.;  7^--:l;  U  =  1000;  K  =  6. 
So  that  D  =  91xlx6  =  546  demand  units. 

Also  L  =  1000  -  546  =  454  low  price  units. 

Now  C  =  pJ)+2h^^ 

C  =  8  X  546  -1- 1  X  454  pence 
=  £20,  Is.  lOd. 

The  account  will  amount  to  £20,  Is.  lOd.,  or  at  a  rate  of  4*8  pence  per  unit 
approximately.  By  giving  K  different  values,  the  effect  of  this  system  of 
charging  and  the  encouragement  it  gives  to  the  long-hour  consumer  will  be  at 
once  appreciated.  The  great  advantage  of  the  '  Wright '  method  of  charging, 
when  applied  to  purely  lighting  circuits,  is  that  it  secures  equitable  treatment 
to  all  consumers  and'  greatly  improves  the  load  factor  of  the  station.  When, 
however,  the  system  of  supply  is  for  lighting  and  power,  or  other  day  loads, 
a  pure  maxinuim  demand  tariff  is  no  longer  applicable,  the  objection  to  it 
being  that  it  does  not  discriminate  between  day  and  night  loads,  and,  further, 
it  does  not  take  into  accoiuit  the  actual  duration  of  the  demand.  For  pureh' 
lighting  loads  the  first  part  of  this  objection  no  longer  holds,  as  the  maximimi 
demands  on  lighting  circuits  occur  very  approximately  at  the  same  time. 

With  reference  to  the  utilisation  of  electrical  energy  for  power,  heating, 
or  other  domestic  work  during  the  day,  Mr  Wright  *  suggests  the  use  of  a 
Kapp  two-rate  meter  system  with  a  time-switch  and  a  demand  indicator,  the 
.atter  instrument  being  inserted  during  the  evening  peak  loads  only.  This 
combination  of  the  Kapp  and  Wright  systems  is  in  use  at  Brighton  and  in 
other  towns.  A  disadvantage  urged  against  the  'Wright'  method  of 
charging  is,  that  the  average  consumer  experiences  considerable  difficulty  in 
luiderstanding  it,  and  the  attitude  of  the  consumer  cannot  be  ignored.  This 
objection  can,  however,  be  raised,  to  a  more  or  less  extent,  against  any 
special  tariff  system  which  is  not  of  the  simple  order  of  a  uniform  tariff',  or  a 
sliding  scale  based  on  the  quantity  of  units  consumed. 

The   Step-tariff  System.— A  very  interesting  tariff  system  is  the  step- 

*  *•  Some  Principles  underlying  the  Profitable  Sale  of  Electricity,"  Journal  of  the  Insti- 
tution of  Electrical  Engineers,  1902,  part  155,  vol.  xxxi. 
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tariff  introduced  by  Dr  Kallmann,  City  Electrical  Engineer  of  Berlin,  to 
whom  the  author  is  indebted  for  the  particulars  of  the  same.  The  principle 
of  the  system  is  that  a  certain  number  of  units  must  be  consumed  before  a 
rebate  is  allowed.  So  far,  it  does  not  differ  from  the  ordinary  uniform  tariff 
with  discounts,  the  distinction  being,  however,  that  it  differentiates  between 
the  units  consumed  when  the  load  is  high  and  those  when  the  load  is  rela- 
tively small.  It  takes  into  account  not  only  the  time  at  which  the  current 
is  taken  but  also  the  duration  of  the  demand ;  and  the  discount  allowed 
depends  on  two  factors — the  duration  and  the  degree  of  the  load.  For  this 
purpose  the  consumer's  load  is  divided  into  regions  or  steps.  Taking  a  two- 
step-tariff  system,  the  one  region  embraces  the  consumption  when  the  load  is 
light,  below  33J  per  cent,  of  the  maximum  possible  load  of  the  installation, 
and  the  second  step  includes  the  consumption  due  to  all  loads  above  this 
value.  A  watt-hour  meter,  giving  the  total  units  consumed,  is  used  in  con- 
junction with  a  step-tariff  instrument,  which  indicates  separately  those  units 
which  are  consumed  when  the  load  has  exceeded  33J  per  cent,  of  the  maxi- 
mum. When  the  load  falls  below  this  limit  the  step-tariff  instrument 
automatically  ceases  to  register.  Such  a  step-tariff  combination  is  illustrated 
and  described  in  Chapter  XII. 

Fig.  211  represents  diagrammatically  an  average  load  curve  of  a  station 
for  the  summer  months,  and  Fig.  212  is  a  diagram  of  a  similar  curve  for  the 
winter  months,  the  abscissae  denoting  the  hours  during  the  day,  and  the 
ordinates  the  percentage  loads.  Each  curve,  taking  a  two-step-tariff  system 
with  33 J  per  cent,  full  load  as  the  limiting  load,  is  divided  into  two  steps, 
the  bottom  region,  I.,  in  which  are  the  loads  below  33^  per  cent,  full  load,  and 
the  top  region,  II.,  in  which  the  loads  exceed  this  value ;  further,  the  two 
steps  are  differently  shaded,  so  that  the  consumptions  in  each  region  will  be 
readily  observed.  The  method  of  determining  the  rebate  will  be  best 
followed'  from  an  example.  Taking  an  installation  comprising  25-16  c.p. 
lamps  at  100  volts  pressure,  the  maximum  current,  allowing  60  watts  per 
lamp,  is  15  amperes,  and  the  maximum  load  is  1*5  kilowatts.  The  step-tariff 
instrument  is  regulated  to  start  registering  the  units  at,  say,  33  J  per  cent,  of 
the  maximum  load,  i.e.  with  5  amperes  in  this  example.  Suppose  that  a 
rebate  is  allowed  of  1  per  cent,  up  to  a  maximum  of  50  per  cent,  on  each 
consumption  in  both  the  top  and  the  bottom  regions,  reckoned  on  a  20  hours' 
demand  in  each.  This  interval  of  20  hours'  demand  will,  therefore,  correspond 
in  the  top  region  to  20  x  1  "5  =  30  units,  whereas  in  the  bottom  region  it  is 
one-third  of  this  amount,  i.e.  20  x  J  x  1*5  =  10  units. 

The  consumer  will,  therefore,  be  given  a  rebate  of  1  per  cent,  on  the 
consumption  for  every  10  units  taken  in  the  bottom  region  and  for  every  30 
units  in  the  top  region.  Taking  a  total  annual  consumption  of  900  units  as 
given  by  the  watt-hour  meter,  a  price  per  unit  of  7d.,  and  assuming  that  the 
units  consumed  in  the  top  portion,  as  indicated  by  the  step-tariff  instrument, 
are  400,  then  the  units  consumed  in  the  bottom  region  will  be  500.  The 
percentage  discount  is  then  (I.)  in  the  bottom  region  ^^^  =  bO  per  cent.,  and 
(11.)  in  the  top  region  it  is  ^/^^  =  13  per  cent,  approximately.  The  cost  of  the 
total  consumption  of  900  units  at  7d.  per  unit  is  .£26,  5s.  The  rebate 
allowable  is  in  (I.)  ~^^^  x  500  x  7d.  =<£6,  9s.  2d.,  and  in  (II.)  ^VV  x  ^00  x  7d.  = 
c£l,  10s.  4d.,  the  total  rebate  being  £7,  19s.  6d.  The  amount  of  the  bill  is, 
therefore,  £26,  5s.,  less  £7,  19s.  6d.,  i.e.  <£18,  5s.  6d.,  and  the  aA^eragc 
price  per  unit  works  out  at  4*87  pence.  The  duration  of  the  demand  in  the 
bottom  region  on  this  basis  is  1000  hours,  and  in  the  top  region  is  266  hours. 
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The  above  example  shows  that  a  consumer  who  has  used  the  major  part  of 
his  current  consumption  at  a  low  rate,  and  has  in  this  manner  kept  his  load 
steady  over  a  long  period,  will  obtain  an  equivalent  rebate,  which,  further, 
allows  him  to  occasionally  bum  all  his  lamps  without  unduly  increasing  the 
cost.  An  advantage  of  the  system  is,  therefore,  that  the  price  for  current  for 
the  whole  consumption  is  not  increased  by  the  fact  of  the  maximum  current 
of  the  installation  being  reached  once  or  twice,  as  only  those  units  due  to  the 
heavy  currents  are  reckoned  at  the  high  price  per  unit.  A  long-hour  consumer 
in  the  bottom  region,  despite  a  relatively  small  consumption,  will  obtain  his 
current  at  a  low  price  per  unit,  and  the  electricity  undertaking  will  make  a 
fair  profit,  althougli  the  percentage  discount  appears  abnormally  high,  because 
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the  actual  rebate  expressed  in  £,  s.  d.  is  small,  owing  to  the  average  load  (up 
to  one-third  of  the  maximum)  being  small.  The  rate  of  discount,  the  step 
limits  {i.e.  ^^  per  cent.,  or  40  per  cent.,  etc.),  and  the  duration  of  the  demand 
(20  hours  or  more)  must,  of  course,  be  decided  upon  by  the  station  to  suit  the 
rccjuirements  of  the  case. 

The  system  practically  amounts  to  the  same  thing  as  obtaining  an 
average  load  curve  of  a  consumer  by  means  of  a  recording  wattmeter,  and 
dividing  this  load  curve  into  a  series  of  steps,  or  regions,  and  arranging  the 
rebates  on  the  consiunption  in  each  step  in  a  manner  analogous  to  that 
explained  in  the  above  example,  the  rate  of  discount  decreasing  as  the  load 
increases  hi  steps  towards  the  maximum.  It  may  be  as  well  to  point  out  here 
that  a  difference  should  be  made  in  the  discounts  in  the  summer  and  winter 
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months,  as  otherwise,  referring  to  Fig.  211,  the  summer  consumption  would 
almost  entirely  be  in  step  I.,  and  too  large  a  discount  would  be  obtained. 

The  'Halle'  Tariff  System.— In  the  tariff  system  devised  by  A.  Jung,* 
Engineer  and  Manager  of  the  Municipal  Electricity  Works  at  Halle,  on  the 
Saale,  Germany,  an  hour  meter  is  used  with  a  meter  proper.  The  watt-hour 
meter  registers  in  the  ordinary  manner  the  total  units  consumed,  whereas  the 
hour  meter  indicates  only  tliose  hours  during  which  the  current  is  at  least  half 
of  that  corresponding  to  the  maximum  number  of  lamps,  or  horse-power,  in 
regular  daily  use.  The  tariff  is  independent  of  the  size  of  the  installation  and 
of  the  actual  consumption,  thus  placing  both  large  and  small  consumers  on 
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the  same  footing.  It  is  based  entirely  on  the  length  of  time  of  the  consumer's 
use  of  current  during  the  year. 

In  the  financial  year  (April  1  to  March  31)  a  standard  price  per  unit  is 
made  for  those  units  which  are  consumed  during  a  certain  number  of  hours 
determined  by  the  hour  meter,  whereas  all  other  units  in  excess  of  this 
amount  consumed  in  the  same  financial  year  are  charged  at  a  reduced  rate. 

The  charges  at  Halle  are  as  follows  : — 

1.  For  lighting,  the  price  per  unit  is  60  pfennige  (7-2  pence)  for  all  units  con- 
sumed during  the  first  300  hours  given  by  the  hour  meter,  whereas  it  is 
20  pfennige  (2*4  pence)  per  unit  for  all  units  in  excess  of  this^amount. 

*  The  author  takes  this  opportunity  of  expressing  his  indebtedness  to  Mr  Jung  for  the 
details  of  his  interesting  tariff  system. 


216 


ELECTRICITY    METERS. 


II.  For  power,  It  eating,  and  other  technical  purposes,  the  price  per  unit 
during  the  first  300  hours  given  by  the  hour  meter  is  20  pfennige 
(2-4  pence),  and  above  this  the  rate  is  10  pfennige  (1-2  pence). 

In  the  above,  1  shilling  (12  pence)  is  taken  as  the  equivalent  of  1  Mark 
(100  Pfennige). 

It  may  be  of  interest  to  state  here  that  the  power  tariff  applies  to  electric 
motors  driving  dynamos  for  lighting  in  connection  with — 

(a)  a  battery  of  accumulators  of  at  least  the  same  output  as  the  dynamo 
during  two  hours ; 

(6)  a  power  installation  of  at  least  the  same  output  as  the  motor. 

The  station  supplies  either  direct  current  at  220  and  440  volts  pressure,  or 
three-phase  currents  at  220,  500,  and  3000  volts,  and  50  cycles  per  second. 

In  order  to  show  the  effect  of  the  tariff  for  the  different  classes  of 
consumers,  especially  large  and  small  consumers,  the  following  tables  liave 
l)een  prepared.  For  this  purpose  a  few  of  the  consumers  connected  to  the 
station  have  been  taken  at  random,  and  their  payments  given  for  the  financial 
year  1904  on  the  basis  of  the  meter  readings. 

A.   Poioer  Gonswuers. 


Class  of  Consumer. 

H.P. 
Connected. 

Annual 
Consumption 
in  Kilowatt- 
hours. 

1,339 

3,852 

22,572 

Annual  Amount 
Paid. 

Average  Annual 

Price  j)er 
Kilowatt-hour. 

Mark. 

£    s.     d. 

Pfen- 
nige. 

Pence. 

Small 

Medium 

Larger 

1 

5 

25 

150 

426 

2523 

7  10    0 

21     6     0 

126     3     0 

11-2 
11-0 
11-2 

1-34 
1-32 
1-34 

B.  Lighting  Consumers. 


Class  of  Consumer. 

Number  of 

Connections 

in  16  c.  p. 

Lami)s. 

Annual 
Consumption 
in  Kilowatt- 
hours. 

Annual  Amount 
Paid. 

Average  Annual 

Price  per 
Kilowatt-hour. 

Mark. 

£     5.      d. 

Pfen- 
nige. 

Pence. 

Sf       Small 

o        Medium    . 

cG      '  Larger 

6 

24 
300 

242 
1,118 
7,604 

77-6 

376-0 

2433-0 

3  17     7 

18  16     0 
121  13     0 

32-0 
33-7 
32-0 

3-84 
4-04 
3-84 

3 -46  app. 

3-68 

3 -40  app. 

>  s      Me<lium     . 
^  W      Larger 

1 

10 

67 

130 

416-2 
1,141-0 
1,742-0 

584-0 

4,893-8 

13,342-0 

119-5 
350-0 
494-0 

128-3 
1179-0 
3194-0 

5  19     6 
17  10     0 
24  14     0 

28-8 
30-7 
28-3 

j     Hotels 
'  k  Public- 
houses. 

'ffl 

6 

32 

165 

6     8     31 
58  19     0 
159  14    0 

22-0 
24-1 
24-0 

2-64. 
2-89 
2-88 
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The  above  tables  show  very  conclusively  that  with  this  tariff  the  small 
consumer  is  equitably  treated  with  the  large  consumer.  Moreover,  both  for 
light  and  power,  current  is  supplied  from  the  Halle  electricity  works,  on  an 
average,  40  per  cent,  cheaper  than  from  any  other  station  in  (Tcrmany. 

The  system  has  been  so  successful  that,  despite  the  low  prices  charged,  the 
station,  in  consequence  of  its  rapid  growth,  obtained  in  the  fourth  year  of  its 
working  a  gross  surplus  of  more  than  9  per  cent,  of  the  total  capital  outlay 
for  interest,  depreciation,  and  other  charges,  after  deducting  direct  working 
costs.  The  capital  expended  amounted  to  4|  million  marks,  i.e.  £212,500, 
and  the  number  of  connections  in  the  fourth  year  was  equivalent  in  round 
figures  to  4500  kilowatts. 

In  this  system  the  consumer  pays  the  high  rate  per  unit  during  the 
financial  year  until  the  hour  meter  has  registered  300  hours,  when  all  units 
afterwards  are  charged  at  the  low  price. 

The  hour  meter  is  not  set  to  the  capacity  of  the  installation,  but  in  each 
installation  the  maximum  number  of  lamps,  or  horse-power,  in  regular  daily 
use  is  determined,  and  the  hour  meter  is  then  set  to  half  this  amount.  In 
other  words,  the  hour  meter  is  so  adjusted  that  it  registers  the  hoiu's  during 
which  the  current  has  a  value  equal  to  (and  naturally  in  excess  of)  that 
corresponding  to  half  the  maximum  number  of  lamps,  or  horse-power,  in 
regular  daily  use. 

Taking  a  house,  for  example,  in  which  60  lamps  are  installed  and  in  which 
the  maxinnun  number  in  regular  daily  use  is  6,  the  hour  meter  is  set  to 
register  with  3  lamps,  so  that  the  consumer  will  reach  the  hours  required 
with  3  lamps  in  use.  He  can,  if  he  so  desire,  obtain  his  current  at  a 
relatively  cheap  price  by  keeping  only  3  lamps  burning  during  the  300 
hours.  Afterwards,  for  the  remainder  of  the  financial  year,  he  can  biu-n  more 
or  fewer  than  the  3  lamps,  as  he  is  then  no  longer  bound  to  any  number. 
The  consumer  has,  therefore,  only  to  watch  the  hour  meter  luitil  he  has 
readied  the  300  hours.  As  the  hour  meter  is  in  each  case  set  to  half  the 
recurring  maximum  daily  used  by  the  consumer,  each  consumer  will  obtain 
current  at  a  low  price  provided  his  yearly  use  of  current  extends  for  longer 
than  the  300  hours. 

If  a  consumer  does  not  reach  the  300  hours  during  the  financial  year,  he 
has  to  pay  for  all  the  units  he  consumes  during  this  year  at  the  high  rate.  A 
case  of  this  sort  rarely,  or  never,  happens,  as  the  300  hours  are  reached  by  all 
the  different  classes  of  consumers.  For  instance,  offices  take  current  during 
the  year  for  about  400  hours,  shops  for  about  700  hours,  hotels  and  public- 
houses  for  about  2000  hours,  and  private  houses  for  about  1 200  hours.  Power 
consumers  who  take  current  daily  for  one  hour  and  longer  also  reach  the 
300  hours,  as  in  their  case,  too,  the  hour  meter  is  set  to  half  the  maximum 
horse-power  in  regular  daily  use  (not  half  the  maximum  installed),  and  the 
average  horse-power  is  above  this  amount.  The  results  obtained  with  this 
tariff  are  very  satisfactory,  and  it  has  the  advantage  of  simplicity,  and  of  being 
easily  understood  by  the  average  consumer. 

The  Two-rate  ^  System.  —  In  a  two-rate,  or  double- tariff,  system,  two 
distinct  charges  are  made,  based  on  the  time  of  day  when  current  is 
taken.  During  the  heavy-load  periods  on  the  station  in  the  evening  a  high 
rate  per  unit  is  charged,  whereas  a  low  charge  per  luiit  is  made  for  the 
units  consumed  during  the  rest  of  the  day,  irrespective  of  the  us^  of  the 
supply  during  either  period.  In  order  to  determine  the  amounts  of  the  two 
consumptions,   a    two-rate,   or   double-tariff,   meter    is  used.     It   consists,    in 
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general,  of  an  ordinary  meter  fitted  with  two  distinct  registering  dials,  one 
for  the  high-priced  and  the  other  for  the  low-priced  units.  By  means  of  a 
change-over  device  attached  to  the  register  and  actuated  by  a  time  switch, 
or  double- tariti"  clock,  the  rotations  of  the  meter  spindle  arc  transferred  to  one 
or  other  of  the  two  integrating  mechanisms,  according  to  the  time  of  day  as 
set  on  the  clock.  The  units  given  on  the  one  dial  will  be  the  consumption 
during  the  low  rate,  or  ordinary  rate,  periods  of  the  (piarter,  and  those  on  the 
second  dial  will  be  the  consumption  at  the  evening  rate,  when  the  station  is 
working  in  the  region  of  the  peak.  The  sum  of  the  two  dial  readings  is  the 
total  consumption.  The  tariff  time  can  be  varied  in  a  very  simple  maimer 
with  the  time  of  year  by  the  station,  so  that  the  period  of  the  high  evening 
rate  is  longer  in  the  winter  than  in  the  summer.  The  account  is  readily 
made  out,  and  it  is  easily  understood  by  the  consumer,  who  can  check  his 
consumptions  at  the  two  rates  from  the  tw^o  separate  readings  of  the  meter 
dials.  By  means  of  a  suitable  index,  attached  to  the  meter  register,  he  is 
further  ah\e  to  at  once  see  at  which  tariff  he  is  taking  current.  This  system 
appears  to  answer  very  well  the  present-day  requirements  peculiar  to  electricity 
supply.  It  encourages  the  general  use  of  electricity  and  the  long-hour 
consumer.  It  is  automatic  and  reliable,  provided  suitable  two-rate  meters  be 
employed,  many  examples  of  which  will  be  found  described  in  Chapter  XII. 

It  may  be  as  well  to  point  out  here  that  there  are  two  classes  of  double- 
tariff  meters.  In  the  one  class  the  time  switch  is  combined  with  the  meter 
proper,  forming  with  it  one  complete  instrument,  and  mechanically  operates 
the  change-over  device  of  the  counting  trains.  In  the  other  class  the  time 
switch  is  supplied  as  a  distinct  piece  of  apparatus,  and  electrically  actuates  the 
change-over  mechanism  of  the  integrating  gears.  The  only  modification  of 
the  meter  proper  is,  in  general,  in  connection  with  the  register. 

In  some  two-rate  systems  the  time  switch  introduces  resistance  into  the 
armature  circuit  of  the  meter  during  the  periods  of  the  low  or  ordinary  rate, 
so  that  the  speed  of  the  meter  is  reduced,  and  in  the  ratio  of  the  low  to  the 
high  tariff.  During  the  high-rate  time  the  speed  of  the  meter  is  the 
normal  speed,  the  resistance  being  then  automatically  cut  out.  For  instance, 
if  the  high  rate  be  6d.  per  unit  and  the  low  rate  be  2d.,  the  speed  is 
reduced  to  one-third  of  what  it  would  be  under  normal  conditions.  The 
product  of  the  units  given  by  the  meter  and  the  high-rate  charge  per  unit 
(in  this  particular  case  6d.)  will  be  the  amount  of  the  consumer's  account. 
The  great  disadvantage  of  this  method  is,  that  the  units  registered  by  the 
meter  are  not  the  actual  units  consumed,  so  that  a  record  of  the  actual 
consumption  cannot  be  made. 

The  Prepayment  System. — In  this  system  of  charging  the  consumer  pays 
for  his  energy  before  he  actually  uses  it.  For  this  purpose  an  automatic 
slot  meter  is  used.  The  object  is  to  reach  the  class  of  consumer  who  is 
eitlicr  unable  or  unwilling  to  run  up  a  quarterly  account,  but  is  very  profitable 
to  the  company.  The  supply  undertaking  with  this  system  incurs  no  bad 
debts,  the  amount  of  clerical  work  of  the  meter  department  is  considerably 
minimised,  and  the  load  is  usually  a  steady  long-hour  one.  The  price  per  imit 
is  necessjirily  high,  to  cover  the  meter  rentals,  which  cannot  be  separately 
clijirged,  and  which  are  heavier  than  for  an  ordinary  meter.  The  consumer, 
hovyever,  enjoys  tlie  benefit  of  obtaining  a  commwlity  on  a  convenient 
payment  system. 

The  Hour  Meter  System.  —In  many  small  installations  and  in  certain 
circuits  the  load  is  constant,  or  very  approximately  so,  and  it  is  then  only 
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necessary  to  measure  the  hours  of  supply  to  determine  the  iniits  from  the 
known  value  of  the  load.  It  generally  happens  in  such  cases  that  the  amount 
of  the  consumption  hardly  warrants  the  installation  of  a  relatively  costly 
meter,  and  an  hour  meter  is  then  used.  The  hour  meter  registers  the 
number  of  hours  during  which  current  flows  in  the  circuit,  and  stops  when 
current  is  not  taken.  It  is  a  simple  and  cheap  piece  of  apparatus,  consisting 
of  a  clock  which  is  actuated  by  the  current.  It  is  employed  in  connection 
with  ordinary  meters  in  special  tariff  systems,  in  which  the  discounts,  or 
charges,  are  based  on  the  time  during  which  current  is  taken,  and  more 
particularly  when  that  current  is  in  excess  of  a  predetermined  amount.  The 
hour  meter  is  slightly  modified  for  different  purposes,  and  many  combinations 
can  be  obtained  with  it.  For  public  lighting  work,  the  price  for  which  is 
generally  at  a  fixed  rate  per  lamp  per  year,  an  hour  meter  may  be  useful  for 
ascertaining  the  exact  number  of  hours  of  lighting  in  each  case. 
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CHAPTER  XL 

PREPAYMENT  METERS. 

General   Description— Beaumont    Prepayment   Meter— Biitisli   Thomson- Houston   Pre])ay- 

ment  Meter — Vulcan  Prepayment  Meter— Fort  Wayne  Prepayment  Meters— Hookham 

Prepayment  Meter — Mordey-Fricker  Prepayment  Meter — Reason  Prepayment  Meter — 

Prepayment    Meter    of   General    Electric    Co.,    U.S.A. — Prepayment    Meter    of   the 

•    Corai)agnie  pour  la  Fabrication  des  Compteurs,  Paris — Watson  Prepayment  Meter. 

General  Description. — A  very  large  field  exists  for  a  cheap  and  reliable 
prepayment  electricity  meter,  and  most  of  the  well-known  meter  manufacturers 
are  at  the  present  time  engaged  in  perfecting  their  different  types,  which  in 
many  cases  have  not  passed  beyond  the  experimental  stage.  By  the  aid  of 
tlie  prepayment  meter  a  central  station  can  profitably  supply  current  to  the 
small  consumer  whose  actual  consumption  is  insufficient  to  cover  the  cost  of 
keeping  the  account.  The  consumer's  convenience  is  served  by  this  method 
of  charging,  and  no  risk  of  non-payment  is  incurred  by  the  supply  company. 

A  prepayment  electricity  meter  generally  consists  of  two  distinct  parts, 
viz.  the  prepayment  device  and  the  meter  proper,  the  two  being  either 
mechanically  or  electrically  combined.  The  prepayment  or  automatic  slot 
attachment  is  a  mechanical  arrangement  which,  on  the  insertion  of  a  coin 
of  tlie  right  denomination,  can  be  actuated  in  such  a  manner  that  a  main 
circuit  switch  is  closed,  and  either  a  spring  controlling  a  clockwork  train  of 
wheels  is  wound  up,  or  some  other  mechanism  is  displaced  to  a  predetermined 
extent.  The  meter  proper  does  not  materially  differ  from  the  type  to  which 
it  belongs,  and,  in  general,  the  register  is  the  only  part  of  the  meter  which  is 
modified.  When  the  main  circuit  switch  of  the  prepayment  device  has  been 
closed  on  the  insertion  of  the  first  coin,  current  can  be  taken,  and  the  meter, 
if  of  the  motor  type,  revolves  in  the  usual  way,  and  in  so  doing  allows  the 
prepayment  device  to  return  to  its  normal  condition.  The  rate  at  which  this 
is  arrived  at  depends  on  the  current  flowing  and  on  the  amount  of  energy 
represented  by  the  value  of  the  coin  inserted.  When  the  amount  of  energy 
corresponding  to  the  coin  has  been  consumed,  the  main  switch  of  the  prepay- 
ment attachment  is  automatically  opened,  and  no  more  current  can  then  be 
ttiken  until  a  further  prepayment  has  been  made.  In  general,  several  coins 
can  be  successively  inserted,  the  number  differing  in  the  different  types,  and 
when  this  number  has  been  reached  a  locking  arrangement  conies  into 
action,  by  means  of  which  a  further  prepayment  cannot  be  made  until  one 
coin's  worth  of  energy  has  been  consumed. 

The  important  point  to  be  remembered  in  connection  with  prepayment 
meters  is,  that  the  restoration  of  the  automatic  mechanism  to  its  normal 
condition  should  not  cause  additional  work  to  be  performed  by  the  meter,  as, 
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otherwise,  its  accuracy  and  its  light  load  registration  will  be  impaired.  It  is 
not  possible  to  comply  with  this  condition  absolutely,  but  the  extra  work 
involved  by  the  prepayment  attachment  shoidd  be  reduced  to  a  minimum ;  it 
should  be  invariable  in  character,  i.e.  independent  of  the  number  of  coins 
inserted,  and  the  driving  torque  of  the  meter  should  be  correspondingly 
increased.  The  prepayment  attachment  should,  moreover,  not  materially 
increase  the  cost,  which  at  the  present  is  too  high,  and  is  the  cause  of  the 
comparatively  restricted  use  of  this  type  of  meter.  It  is  highly  essential  that 
the  full  amount  of  energy  represented  by  a  coin  should  be  obtained  after  its 
insertion,  that  it  should  not  be  possible  to  obtain  more  than  this  amount  of 
energy  for  one  coin,  and  that  every  precaution  should  be  taken  to  prevent 
damaged  coins,  pieces  of  wire,  or  coins  of  the  wrong  denomination  to  be 
inserted  in  the  slot  and  actuate  the  prepayment  mechanism. 

The  meter  should  not  only  show  in  the  usual  manner  the  units  consumed, 
but  the  number  of  coins  standing  to  the  credit  of  the  consumer,  so  that  he 
can  always  tell  when  prepayment  has  to  be  made  without  waiting  until 
current  is  interrupted.  It  is  also  valuable  for  the  total  number  of  coins 
inserted  to  be  registered,  as  this  afibrds  a  check  on  the  collector. 

Beaumont  Prepayment  Meter. — The  prepayment  device  invented  by  ^Ir 
F.  J.  Beaumont  is  a  very  simple  and  effective  coin-freed  mechanism,  which 
can  be  easily  attached  to  any  type  of  motor  meter.  It  embodies  many 
important  features.  A  special  compound  differential  gear  is  used,  which 
causes  a  hollow  worm  to  travel  longitudinally  along  a  horizontal  axis  through 
a  predetermined  distance  when  a  coin  has  been  inserted  in  the  operating 
mechanism.  On  the  passage  of  a  current  this  worm  is  returned  to  its 
original  position  by  the  armature  spindle  of  the  meter,  when  the  instrument 
switch  is  opened.  To  '  prevent  irregular  movements  of  the  coin-freed 
mechanism  by  any  unsteady  or  sudden  action  of  the  handle  rotating  the  coin, 
the  mechanism  is  not  directly  actuated  by  the  coin  itself,  but  is  operated 
on  the  discharge  of  the  coin  into  the  coin  till. 

Distinct  from  most  devices  of  this  type,  the  change  from  one  price  per 
unit  to  another  is  readily  effected  by  simply  raising  or  lowering  a  price 
changer  screw,  which  can  be  done  with  the  meter  in  situ.  In  all  other  forms 
the  meter  has  to  be  partially  dismantled  to  allow  a  new  change  wheel,  or  set  of 
change  wheels,  to  be  introduced  to  meet  the  required  change  in  the  tariff. 

Before  the  instrument  switch  is  opened  by  the  action  of  the  meter,  a 
'  dimming '  resistance  is  automatically  thrown  into  the  main  circuit,  causing 
the  lamps  to  burn  dull,  and  in  this  manner  an  effective  warning  is  given  that 
the  light  will  shortly  be  cut  off.  This  resistance  is  in  circuit  just  long  enougli 
to  enable  a  further  prepayment  to  be  made,  if  desired,  without  an  interruption 
of  the  supply. 

The  general  arrangement  and  operation  of  the  prepayment  attachment  will 
be  understood  by  reference  to  Figs.  213  to  215,  which  represent  three 
different  views  of  the  device  in  connection  with  a  continuous  current  watt- 
hour  meter,  and  to  Fig.  216,  which  shows  more  in  detail  the  construction  of  the 
compound  differential  gear.  The  coin  C  is  first  inserted  in  the  slot  in  the 
meter  case,  from  which  it  falls  into  the  recess  in  the  coin  carrier  W,  and  the 
handle  H  is  then  turned.  This  action  of  the  handle  rotates  the  carrier  W, 
and  causes  the  coin  to  describe  the  circular  dotted  path  shown  in  Fig.  214, 
in  the  course  of  which  the  coin  depresses  the  toe  T  of  the  actuating  lever  L, 
pivoted  at  0^ ,  the  other  end  of  which  is  correspondingly  raised.  The  coin 
next  strikes  against  the  stop  S  and  discharges  into  the  coin  till  Z.     The  lever 
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L  is  now  free  to  move,  and  is  returned  by  the  spring  Y  into  its  original 
position,  in  which  it  rests  on  the  price  changer  screw  E.  During  the  return 
motion  of  the  actuating  lever  the  pawl  P  attached  to  it  engages  with  the 
ratchet  wheel  K,  and  rotates  it  through  an  amount  corresponding  to  the  value 
of  the  coin  inserted.  The  rotation  of  the  ratchet  wheel  R  causes  the  hollow 
worm  U  to  rotate  in  the  opposite  direction  and  travel  along  the  axis  A,  in  a 


Fig.  213. 


manner  to  be  explained  later.  This  worm  U  carries  at  one  end  two  pins  Pj 
and  P'j,  by  means  of  which  the  switch  arm  G  is  actuated  and  the  mercury 
switch  opened  and  closed. 

The  switch  arm  (i  is  pivoted  at  0., ,  and  is  provided  with  two  projections 
V^  and  v.,.  The  ratchet  wheel  R  is  revolved  clockwise,  as  already  explained, 
each  time  a  coin  is  inserted,  and  the  hollow  worm  U  is  turned  counter-clock- 
wise. When  this  happens  on  the  insertion  of  the  first  coin,  the  pin  V\ 
engages  with  the  projection  Vj  and  tilts  the  bar  G  into  the  position  shown  in 
Fig.  214,  causing  the  plunger  attached  to  the  end  M  of  the  switch  arm  G 
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to  enter  the  mercury  cup  of  the  mercury  switch,  and  the  circuit  is  then 
closed.  Under  the  action  of  the  meter  the  worm  U  is  rotated  back,  and, 
when  it  has  nearly  reached  the  end  of  its  travel,  the  pin  Pj  raises  the  switch 
arm  G,  the  end  N  of  which  forces  back  the  quick-break  lever  Lj ,  pivoted  at 
Oj ,  allowing  the  pin  Pg  attached  to  this  lever  to  enter  the  middle  groove. 
The  plunger  is  slightly  raised  out  of  the  mercury  cup  by  this  action,  and 


Fig.  214. 


I 


the  dimming  resistance  D  is  automatically  inserted  in  the  circuit  in  the 
following  manner.  The  plunger  has  two  contacts,  one  slightly  above  the 
other,  the  two  contacts  being  connected  through  the  dimming  resistance  D. 
When  the  plunger  is  completely  immersed  in  the  mercury  bath  this  resistance 
is  short-circuited  on  itself  ;  when,  however,  it  is  slightly  raised,  the  upper 
contact  is  above  the  mercury,  so  that  the  current  now  flow^s  from  the  mercury 
through  the  lower  contact  to  the  dimming  resistance,  from  which  it  passes 
to  the  lamps,  which  now  burn  dull.  The  switch  arm  G  is  held  in  this 
position,  with  the  pin  Pg  of  the  quick-break  lever  Lj  in  the  middle  groove  at 

15 
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N  until,  as  the  worm  U  continues  to  rotate,  it  is  tilted  further  by  the  pin  Pi 
now  coming  into  action.  In  consequence,  the  pin  Pg  is  made  to  enter  the  top 
groove  at  N,  and  the  circuit  is  rapidly  and  completely  opened. 


Fig.  215. 

It  will  be  seen  that  after  the  coin  has  been  discharged  the  actuating  lever 
L  is  returned  by  the  spring  Y  through  a  certain  distance,  limited  by  the 


Fig.  216. 

position  of  the  price-changer  E.  This  distance  determines  the  limit  of 
rotation  of  the  ratchet  wheel  R  per  coin  inserted,  and  is  dependent  on  the 
price  per  unit.  By  raising  or  lowering  the  screw  E  the  vertical  drop  of  the 
lever   L   is   altered,    and   this   change   is   the   only  one  necessary  when  an 
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alteration  in  the  tariff  is  made.  At  the  same  time  as  the  handle  H  is 
rotated  on  the  insertion  of  a  coin  a  shutter  is  turned,  so  that  a  second  coin 
cannot  be  inserted  until  the  slot  in  the  shutter  again  coincides  with  that  in 
the  meter  cover  after  the  first  coin  has  been  discharged.  When  the  number 
of  coins  for  which  the  meter  is  set  has  been  inserted,  the  shutter  is  locked 
in  position,  and  a  further  prepayment  cannot  be  made  until  at  least  one 
coin's  worth  of  energy  has  been  consumed. 

The  manner  in  which  the  compound  differential  gear  produces  the  desired 
motion  of  the  worm  U  will  be  followed  from  the  drawing  in  Fig.  216.  The 
ratchet  wheel  R  is  rotated,  as  explained  above,  by  the  actuating  lever  L  (Fig. 
214),  and  in  turn  drives  the  mitre  wheel  R^  ,  which  together  with  the  other 
wheels  R., ,  Q^ ,  and  Q.,  forms  the  compomid  differential  gear.  When  the  w^heel 
Rj  is  rotated  it  revolves  the  two  idle  wlieels  Q^  and  Q.2 ,  which  will  ride  over 
the  mitre  wheel  R2.  The  axles  J  J  of  the  two  wheels  Q^  and  Q2  engage  in 
two  internal  grooves  in  the  hollow  worm  U,  so  that  it  is  caused  to  rotate. 
The  worm  U  will  also  rotate,  but  in  the  opposite  direction,  when  the  mitre 
wheel  R9  is  turned  by  the  action  of  the  meter,  its  shaft  A^  being  driven  by 
the  pinion  Wj  (Fig.  213),  which  gears  either  with  the  counting  train,  or  meshes 
through  an  intermediate  gear  with  the  armature  spindle  of  the  meter.  The 
rotation  of  the  worm  U  is  converted  into  a  longitudinal  travel  in  either 
direction  by  means  of  the  fixed  pin  P3  (Fig.  213),  which  engages  with  its 
external  thread  X. 

The  slight  extra  friction  the  meter  has  to  overcome,  due  to  the  prepayment 
attachment,  consists  in  revolving  the  worm  U  along  the  axis  A  (Fig.  215),  and 
in  opening  the  switch  when  the  prepaid  energy  has  been  consumed.  It  will 
be  seen  that  this  additional  retardation  to  the  meter  is  constant  in  character, 
i.e.  the  friction  to  be  overcome  is  independent  of  the  number  of  coins 
inserted. 

The  total  units  consumed  are  given  by  the  cyclometer  counter  or  ordinary 
register  of  the  meter  proper,  and  the  unconsumed  units  are  indicated  by  a 
pointer,  which  is  moved  over  a  horizontal  scale  in  either  direction  by.  the 
worm  U,  and  stands  at  zero  when  the  instrument  switch  is  opened.  The 
whole  of  the  prepayment  mechanism  is  self-contained  on  a  bracket  B,  from 
which  it  is  easily  detached  after  the  coupling  F  has  been  disconnected.  The 
coupling  F  connects,  through  a  suitable  gearing,  the  prepayment  attachment 
with  the  integrating  train  or  armature  spindle  of  the  meter. 

British  Thomson-Houston  Prepayment  Meter. — The  British  Thomson- 
Houston  Company,  Rugby,  use  a  simple  prepayment  device  in  mechanical 
combination  with  their  various  types  of  meters.  In  Fig.  217  is  given  a 
front  view  of  their  O'K.  meter  fitted  with  the  prepayment  attachment.  The 
register  is  the  only  part  of  the  meter  proper  which  is  modified,  and  is  shown 
in  detail  in  Figs.  218  and  219.  A  disc  D  (Fig.  218)  is  fixed  to  an  axle  A, 
supported  between  the  side  plates  of  the  registering  mechanism.  This  disc  is 
actuated  by  the  insertion  of  a  coin,  in  a  manner  to  be  explained  later.  It 
carries  on  its  periphery  a  pinion  Dj ,  which  gears  with  the  toothed  wheels  B 
and  C.  These  wheels  are  loosely  mounted  on  either  side  of  the  disc,  and  the 
one  wheel  B  gears  with  the  last  wheel  W  of  the  integrating  train  of  the  meter. 
The  wheel  C  is  provided  with  ratchet  teeth,  by  means  of  which  it  is  rotated  by 
the  pawl  Pj  (Fig.  219)  attached  to  the  actuating  lever  L,  and  by  means  of 
the  pawl  P2  the  wheel  C  can  rotate  in  one  direction  only.  The  levei'  L  is 
pivoted  at  E  to  the  side  plate  of  the  registering  train  and  is  raised  by  the 
action  of  the  coin. 
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The  coin-freed  mechanism  rotates  the  disc  D  through  a  predetermined 
ingle  on  the  insertion  of  a  coin,  and  simultaneously  closes  the  switch  of  the 
instrument.  It  is  illustrated  in  Figs.  220  and  221,  of  which  Fig.  220  is  a 
side  view,  with  the  coin  drum  removed  for  the  sake  of  clearness ;  and  Fig.  221 

is  a  second  side  view,  showing  only 
so  much  of  the  mechanism  as  is 
necessary  to  explain  the  operation 
of  the  switch  by  the  prepayment  de- 
vice. The  coin  drum  is  carried  on 
the  axle  M,  which  is  rotated  by  a 
handle  external  to  the  meter  case. 
The  drum  is  recessed,  and  the  recess 
in  the  zero  position  is  below  the  coin 
slot  in  the  meter  case.  When  a 
coin  is  inserted  in  the  slot  it  falls 
into  the  recess  in  the  drum  and 
projects  above  it,  so  that  on  rotat- 
ing the  handle  it  engages  with  the 
lever  L  (Fig.  219)  and  raises  it, 
causing  the  disc  C  to  be  rotated. 
As  the  handle  is  turned  further  the 
coin  clears  the  arm  L,  allowing  it 
to  return  by  gravity  to  its  normal 
position  against  the  stop  Q.  The 
coin  then  drops  into  a  coin  till,  and 
on  returning  the  handle  to  its 
original  position  the  slit  in  the  coin 
drum  is  ready  to  receive  a  further 
coin.  The  coin  drum  and  handle 
are  prevented  from  being  moved 
in  the  reverse  direction,  until  the 
coin  is  dropped  and  the  switch  set,  by  means  of  the  ratchet  wheel  R 
(Fig.*220)  and  the  pawl  Pg.  The  axle  M  also  carries  a  cam  N,  which,  on  the 
handle  being  turned,  rocks  the  U-shaped  plate  U  round  0,  at  which  it  is 
pivoted.     The  switch  arm  S  is  also  pivoted  at  0  and  is  held  normally  in  the 


Fig.  217. 
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open  position  by  means  of  a  spring.  H  is  a  pivoted  lever  having  two  arms, 
of  which  Hj  engages  with  the  upper  end  of  the  lever  L^ ,  pivoted  at  Oj  on  the 
switch  arm.  The  lever  Lj  is  provided  with  a  projection  \i^  in  the  path  of  the 
U-shaped  plate  U.  The  other  arm  Hg  of  the  lever  H  has  a  tooth  Hg ,  which  in 
the  zero  position  of  the  disc  D  (Fig.  219)  just  clears  the  notch  D'  in  the 
periphery  of  this  disc. 

If  the  handle  be  turned  with  no  coin  in  the  coin  drum,  the  cam  N  rotates 
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the  U-shaped  plate  U,  causing  it  to  engage  with  the  projection  L^.  This 
action  tilts  the  lever  H,  so  that  the  tooth  H3  enters  the  notch  D'  in  the  disc 
D  and  the  arm  Hj  is  raised.  This  allows  the  lever  L^  to  turn  round  its  pivot 
at  Oj ,  and  the  projection  h^  moves  out  of  the  path  of  U.  On  turning  the 
handle  still  more,  U  only  rotates  round  0  without  actuating  the  switch  S, 
which  remains  open.  If,  on  the  other  hand,  a  coin  has  been  inserted  in  the 
coin  drum,  on  rotating  the  handle  the  coin  raises  the  lever  L  (Fig.  219),  which 
rotates  the  wheel  C,  causing  the  pinion  Dj  (Fig.  218)  to  revolve  on  its  axis  and 
advance  the  disc  D  in  the  same  direction  as  C  through  an  angle  corresponding 
to  the  value  of  the  coin  inserted.  The  notch  D'  is  in  this  manner  moved  clear 
of  the  tooth  H3 ,  which  now  rests  on  the  rim  of  the  disc  D.  In  this  position  the 
lever  Lj  is  prevented  from  turning  round  0^  by  the  arm  Hj ,  and  its  projection 
Ln  remains  in  contact  with  U.     The  latter  now  causes  the  switch  arm  S  to 
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Fig.  221. 


move  with  it,  as  shown  in  Fig.  221.  When  the  switch  is  closed,  it  is  held  in 
the  closed  position  by  the  pawl  P^ ,  which  now  engages  with  a  pin  on  Lj.  On 
the  passage  of  current  through  the  meter,  the  armature  rotates  and  drives 
the  integrating  train  through  the  worm  on  its  spindle.  The  wheel  B  is 
rotated  in  the  opposite  direction  to  Dj ,  and  the  wheel  C  is  prevented  from 
moving  backwards  by  the  pawl  Pg ,  so  that  the  pinion  Dj  revolves  on  its  axis 
and  returns  the  disc  D  towards  its  initial  position.  When  an  amount  of 
energy  has  been  consumed  equivalent  in  value  to  the  coin,  the  notch  D'  comes 
again  under  Hg.  The  lever  H  now  moves  so  that  the  levers  H^  and  L^  are 
free,  and  the  pin  on  L^  is  released  from  the  pawl  P^.  The  spring  then  pulls 
the  switch  arm  S  out  of  the  contacts,  and  the  circuit  is  opened.  By  inserting 
several  coins  in  succession  the  angle  through  which  the  disc  D  is  turned  is 
correspondingly  increased,  the  switch  remaining  closed  after  the  first  coin  has 
been  dropped  in,  and  coins  to  the  number  of  ten  may  be  inserted  one  after 
the  other. 
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A  feature  of  the  arrangement  is  that  the  number  of  coins  inserted  does 
not  increase  the  work  the  meter  has  to  do  in  consequence  of  the  prepayment 
attachment.  The  extra  friction  to  be  overcome  by  the  meter  consists  in  the 
pressure  of  a  light  arm  on  the  rim  of  a  revolving  disc.  It  is  constant  in  value, 
and  can,  therefore,  be  completely  taken  into  account  in  the  calibration  of  the 
meter.  By  means  of  a  small  pointer,  clearly  seen  in  the  front  view  of  the 
meter.  Fig.  217,  and  marked  K  in  Fig.  218,  the  coins  standing  to  the  credit 
of  the  consumer  are  indicated.  The  pointer  rotates  with  the  disc,  and  stands 
at  the  zero  of  the  coin  register  when  the  switch  is  open. 

The  Vulcan  Prepayment  Meter. — In  the  Vulcan  prepayment  meter  the 
prepayment  attachment  consists  of  a  clockwork  train  of  wheels  driven  by  a 
mainspring  and  controlled  by  a  light  escapement   lever,   which   forms   the 

connecting  link  between  the 
meter  proper  and  the  auto- 
matic device.  Fig.  222  is  a 
view  of  the  instrument  with 
the  cover  and  coin  till  re- 
moved, showing  the  meter 
proper  on  the  left  and  the 
prepayment  part  on  the  right. 
Beneath  the  coin  slot  is  a 
shaft  which,  on  the  insertion 
of  a  coin,  can  be  turned  by 
a  handle,  when  the  mainspring 
of  the  clockwork  is  wound  up. 
When  the  coin  is  inserted 
in  the  slot  C  (Fig.  223),  it 
falls  into  a  recess  in  the  shaft 
and  locks  it  with  a  ratchet 
wheel  B,  which  can  now  be 
rotated  through  an  angle  of 
45  degrees  by  turning  the 
handle  H.  The  coin  will  then 
come  under  the  shaft  and  will 
fall  into  the  till  T. 

The  motion  of  the  ratchet 
wheel  B  is  transmitted 
through  a  differential  gear 
(Fig.  224)  to  the  driving  shaft  A  of  the  clockwork,  and  thus  winds  up  the 
mainspring  11  to  a  prearranged  extent.  The  train  of  wheels  ah  (Fig.  225) 
terminates  in  an  escapement,  controlled  by  a  slotted  lever  g,  interlocked  with 
the  meter  proper  by  means  of  a  pin  /i,  which  is  attached  to  a  small  disc  on  the 
ratio-wheel  axle  of  the  ordinary  register  of  the  meter.  The  pin  works  in  the 
slot  of  the  escapement  lever,  the  alternate  raising  and  lowering  of  which 
permit  the  escapement  wheels  to  revolve.  When  the  first  coin  is  inserted, 
turning  the  handle  not  only  winds  up  the  spring,  but  closes  the  circuit  switch 
m  the  instrument.  As  soon  as  current  is  taken  by  the  user,  the  meter 
rotates  and  sets  the  escapement  lever  in  motion.  This  allows  the  mainspring 
to  unwind  at  a  rate  proportional  to  the  rate  at  which  energy  is  being  consumed. 
The  switch  remains  closed  until  the  spring  is  unwound,  when  it  immediately 
opens,  and  no  more  current  can  be  taken  without  further  prepayment.  Suc- 
cessive coins  to  tlie  number  of  eight  can  be  inserted  at  one  time,  and  at  each 
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insertion  the  tension  of  the  mainspring  is  proportionally  increased.  When 
the  eight  pennies  have  been  dropped  in,  a  locking  lever  is  brought  into  action, 
which  closes  the  slot  and  locks  the  handle  until  one  pennyworth  of  energy 
has  been  consumed. 

No  power  is  transmitted  between  the  meter  proper  and  the  prepayment 
device,  and  the  only  extra  work  performed  by  the  meter  consists  in  raising 


Fig.  223. 


Fig.  224. 


and  lowering  the  light  escapement  lever.  The  rate  at  which  this  lever  allows 
the  spring  to  unwind  varies  with  the  price  of  the  unit  of  electrical  energy. 
By  altering  the  ratio  of  the  clockwork  the  instrument  can  be  arranged  to  suit 
any  price  between  threepence  and  one  shilling  per  unit.  The  front  plate  of' 
the  prepayment  part  is  provided  with  two  sets  of  dials.  The  upper  set 
consists  of  three  pointers  which 
indicate  the  number  of  coins  which 
have  been  inserted  since  the  meter 
was  installed,  and  the  lower  dial 
shows  the  exact  number  of  coins 
standing  to  the  credit  of  the  con- 
sumer. As  the  coins  are  inserted 
the  pointer  of  this  dial  moves 
forward,  and  on  the  passage  of  a 
current  moves  back  to  zero,  which 
it  reaches  when  the  circuit  switch 
opens.  The  energy  consumed  is 
given  on  the  ordinary  meter  dials, 
the  reading  of  which,  multiplied 
by  the  price  per  unit,  should  be 
equal  to  the  reading  of  the  coin  register.  The  instrument,  which  is  made 
in  three  sizes  of  2,  3,  and  5  amperes,  can  be  used  without  any  alteration  on 
either  a  continuous  or  alternating  current  circuit.  The  coin  till  is  secured 
by  a  padlock,  and  can  be  removed  without  unsealing  the  main  cover. 

Fort  Wajme  Prepayment  Meter. — The  prepayment  meter  manufactured 
by  the  Fort  Wayne  Electric  Works,  Fort  Wayne,  Indiana,  U.S.A.,  consists  of 
their  induction  meter,  type  W,  mechanically  combined  with  a  '  Wood '  prepay- 
ment attachment.-     The  latter  is  a  clockwork  train  of  wheels  terminating  in  a 
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novel  escapement,  which  is  released  by  the  operation  of  the  meter  proper. 
The  force  drivihg  the  train  is  obtained  from  a  large  flat  coil  spring  inside  a 
barrel,  on  the  front  end  of  which  are  the  credit  figures.  The  rear  end  of  the 
spring  barrel  is  covered  by  a  disc  with  an  internal  and  external  gear  on  its 
rim.  The  external  gear  is  controlled  by  the  escapement,  which  meshes  with 
the  integrating  train  of  the  meter  through  a  pinion  connection.  The  internal 
gear  is  driven  through  an  intermediate  gear,  which  is  mounted  on  the  spring 
barrel  and  meshes  with  a  pinion  on  the  stud  within  the  hollow  shaft  of  the 
knob  or  handle  of  the  instrument.  This  combination  of  gears  is  used  to 
render  the  operations  of  the  knob  on  the  credit  indicator  and  of  the  escape- 
ment independent  of  one  another.  In  this  manner  the  device  will 
simultaneously  and   correctly  credit   and  debit  if   a  coin  should  happen  to 


Fig.  226. 

be  inserted  coincidently  with  the  release  of  the  escapement  in  the  attempt 
to  record  the  consumption  of  another  unit. 

The  simultaneous  credit  and  debit  would  leave  the  credit  figures  un- 
changed. In  practice  this  very  rarely  occurs,  as  a  prepayment  is  usually 
made  when  the  escapement  is  locked.  The  escapement  is  separately  illus- 
trated in  Fig.  226.  The  pinion  shaft,  which  is  driven  through  the  pinion  gear 
by  the  integrating  train,  carries  a  small  cam,  which,  as  it  revolves,  oscillates 
an  eccentric  arm  that  rocks  on  its  elbow.  This  arm  moves  a  finger  backwards 
and  forwards  across  the  rim  of  the  release  gear  wheel  in  mesh  with  a  damper 
fan. 

The  pinion  makes  one  complete  revolution  during  this  advance  and  retreat 
motion  of  the  finger.  During  the  first  half  of  the  revolution  the  finger  dis- 
places a  catch  from  a  pin  set  in  the  rim  of  the  release  gear,  and  during  the 
second  half  of  the  revolution  it  is  withdrawn  from  the  pin.  When  the  finger 
has  nearly  approached  its  outer  position  the  release  gear  is  free  to  revolve 
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under  the  action  of  the  mainspring  through  a  train  of  three  gears,  of  which 
the  middle  one  is  large,  and  makes  a  single  revolution  for  each  release.  A  pin 
on  the  middle  gear  wheel  pushes  the  catch  back  into  the  path  of  the  stop  pin 
on  the  release  gear  wheel,  and  so  arrests  its  motion  after  it  has  made  the 
requisite  number  of  revolutions  to  allow  the  spring  to  turn  back  the  credit 
figures  one  place. 

The  general  appearance  of  the  prepayment  meter,  with  the  case  on,  is 
shown  in  Fig.  227. 

The  operation  of  the  mechanism  is  simple.  The  coin  is  inserted  in  a  slot 
in  the  hollow  shaft  behind  the 
knob  in  front  of  the  instru- 
ment. It  fits  in  a  slot  in  the 
stud  within  the  shaft,  and  so 
forms  a  key.  On  turning  the 
knob  the  stud  will  also  turn, 
and  through  its  pinion  will 
rotate  the  intermediate  gear, 
causing  it  to  roll  round  on  the 
internal  gear  of  the  stationary 
double  gear  disc  and  to  carry 
with  it  the  spring  barrel  and 
credit  figures.  This  action 
winds  up  the  main  spring  and 
places  the  coin  to  the  credit 
of  the  consumer,  as  shown  by 
the  figure  through  the  window 
above  the  knob.  The  knob 
once  started,  on  the  insertion 
of  a  coin,  cannot  be  reversed, 
but  must  be  given  a  half  turn, 
when  the  coin  falls  through 
the  tube  into  the  coin  recep- 
tacle. The  instrument  switch 
is  closed  on  the  insertion  of 
the  first  coin  and  the  subse- 
quent operation  of  the  knob. 
When  current  is  taken,  the 
intermediate  gear  is  now  driven 
by  the  mainspring  in  the  op- 
posite direction  and  turns  back 
the  credit  figures  as  explained. 

The  coin  used  in  America  is  the  dime  (10  cents),  and  twenty  such  coins  can 
be  inserted  in  the  above  manner  in  succession,  so  that  prepayment  can  be 
made  to  the  value  of  $2.00. 

The  four-point  switch  is  opened  by  the  last  escapement  when  the  energy 
consumption  corresponds  to  the  amount  prepaid.  A  change  in  the  tariif  only 
affects  the  size  of  the  small  gear  connecting  the  meter  registering  train  with 
the  escapement  train,  so  that  the  meter  can  be  readily  adapted  to  any  rate. 

The  escapement  movement  is  released  once  for  every  rate  unit,  and  the 
meter  only  moves  a  very  small  brass  lever  about  one-eighth  of  an  inch  during 
this  period. 

In  exactly  the  same  manner  as  above,   the   Fort   Wayne   Electric  Works 
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adapt  their  type  K  induction  meter  for  a  prepayment  system.  An  internal 
view  of  this  type,  with  the  prepayment  case  removed,  is  given  in  Fig.  228, 
which  clearly  shows  the  type  of  instrument  switch  used. 

For  those  installations  requiring  a  separate  prepayment  device  in  positions 
distant  from  the  meter,  this  company  also  supply  the  prepayment  mechanism 
and  coin  box  as  a  separate  instrument,  in  electrical  connection  with  the 
meter  proper.  The  construction  is  exactly  similar  to  that  already  explained,  with 
the  necessary  modification  of  the  tripping  device.  The  escapement  motion  is 
released  by  a  cam,  operated  by  the  armature  of  an  electro-magnet  within  the 


Fig.  228. 
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case  of  the  instrument.  This  electro-magnet  takes  the  place  of  the  pinion 
which  is  driven  by  the  registering  train  in  the  above  two  types.  The  device 
is  electrically  connected  to  the  meter  by  means  of  the  two  main  line  wires  and 
an  additional  small  wire  operating  the  tripping  magnet.  Tliese  connections 
enter  the  instrument  on  one  side,  and  those  to  the  load  are  taken  from 
two  terminals  on  the  other  side.  The  arrangement  will  be  followed  from 
Fig.  229,  which  is  a  view  of  the  separate  prepayment  device,  with  the  cover 
and  escapement  mechanism  removed.  By  means  of  a  contact  device  on  the 
registering  train  of  the  meter,  the  circuit  of  the  tripping  electro-magnet  is 
closed  each  time  one  coin's  worth  of  energy  is  passing  through  the  meter. 
When  the  energy  corresponding  to  the  last  coin  has  been  consumed,  the 
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switch  in  the  main   circuit  is  opened,   together  with  the  auxiliary  magnet 
circuit. 

The  '  Wood '  prepayment  device,  just  explained,  is  used  in  an  exactly  similar 
manner  by  the  General  Electric  Company  of  America,  either  in  electrical  or 
mechanical  combination  with  their  Thomson  and  high-torque  induction  watt- 
hour  meters. 


The  Hookham  Prepayment  Meter. — The  main  features  of  the  Hookham 
prepayment  meter,  as  arranged  for  continuous  current,  are  shown  in  Fig. 
230.  The  method  of  operation  is  to  employ  the  coin  to  release  a  correspond- 
ing check  from  a  reservoir.  This  check  causes  a  mercury  switch  to  be  closed. 
On  the  passage  of  a  current,  the  rotation  of  the  meter  slowly  removes  the 
check  when  the  predetermined  amount  of  energy  has  been  consumed  and 
opens  the  circuit.  No  more  current  can  then  flow  through  the  meter  until 
a  further  prepayment  has  been  made. 
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A  is  the  check  reservoir,  shown  partially  broken  to  exhibit  the  checks, 
which,  in  the  penny  slot  meter,  consist  of  a  number  of  small  phosphor-bronze 
spheres  contained  in  a  spiral  groove,  from  which  they  escape  one  at  a  time. 
In  the  shilling  slotter,  brass  discs  arranged  in  a  tube  are  used  instead  of 
spheres.  A  coin  is  inserted  in  the  slot  at  B  and  falls  into  the  receptacle  C, 
which  is  turned  by  moving  the  lever  D  to  the  left,  when  the  coin,  standing 
edgewise  in  C,  first  encounters  and  then  lifts  the  catch  E.  The  handle  D  can 
now  be  moved  still  further,  and  the  coin  will  fall  over  the  edge  of  the 
inclined  plane  F  into  the  drawer  on  the  left.  At  the  same  time,  due  to  this 
forward  motion  of  D,  a  small  pusher  under  the  reservoir  A  causes  one  check 
to  drop  into  the  beam  G.  It  will  be  seen  that,  unless  a  coin  has  been  in- 
serted in  the  slot,  the  lever  D  can  only  be  moved  until  the  receptacle  C  comes 
into  contact  with  E,  when  further  motion  is  arrested  and  a  check  cannot  be 
released.  The  small  inclined  plane  F  is  to  prevent  the  release  of  a  check 
until  a  coin  has  been  discharged  into  the  till,  and  also  to  prevent  the  passage 
of  more  than  one  check  for  each  coin.  The  disc  or  ball  always  drops  into 
the  beam  slightly  earlier  than  the  coin  gravitates  into  the  drawer,  so  as  to 
ensure  the  release  of  a  check  for  each  coin,  but  the  check  is  not  released  until 
the  coin  has  passed  over  the  edge  of  the  inclined  plane.  The  importance  of 
the  part  played  by  the  inclined  plane  in  preventing  several  checks  from  being 
obtained  for  the  same  coin  will  be  understood  from  the  following  consideration. 
If  the  inclined  plane  were  absent,  by  very  slowly  moving  the  handle  forward 
a  check  could  be  released  from  the  reservoir  without  the  coin  sliding  down 
the  shoot  into  the  drawer,  as  the  coin  is  always  discharged  later  than  the 
check.  The  handle  could  then  be  returned  to  its  normal  position  and  moved 
forward  again,  when  a  second  check  would  drop  through,  and  so  on. 

The  inclined  plane,  however,  effectually  prevents  this,  as  the  coin,  owing 
to  the  supposed  very  slow  motion  of  the  handle,  will  be  resting  against  the 
vertical  surface  of  the  inclined  plane  when  the  check  falls,  and  the  handle 
cannot  be  returned  until  the  coin  has  passed  into  the  coin  till. 

The  beam  is  pivoted  at  0,  and  carries  at  its  one  extremity  the  phmgers 
of  a  mercury  switch,  and  at  its  other  the  counterweight  P.  The  position  of 
the  counterweight  is  such  that  when  empty  the  beam  rises  out  of  the  mercury 
cups  H,  but  is  at  once  depressed  by  the  weight  of  one  check.  The  passage 
of  the  check  into  the  beam,  therefore,  closes  the  main  circuit  through  the 
mercury  cups.  The  speed  of  the  meter  and  the  wheel  train  of  the  counter 
are  so  adjusted  that  one  check  is  released  from  the  beam  each  time  the 
corresponding  amount  of  energy  has  been  delivered.  As  each  check  falls 
into  the  beam  it  passes  over  and  tilts  a  small  weighted  lever  I.  This  lever  is 
so  arranged  that  when  the  beam  holds  from  6  to  8  discs  or  12  balls,  more 
cannot  issue  from  the  receiver,  and  at  the  same  time  the  insertion  of  more 
than  this  number  of  coins  is  prevented  until,  under  the  action  of  the  meter, 
a  check  has  passed  from  the  beam  into  the  drawer  on  the  right-hand  side  of 
the  instrument.  The  checks  are  released  from  the  beam  by  means  of  an 
escapement  worked  by  the  counting  train  of  the  meter.  In  the  illustration 
of  the  instrument  (Fig.  230)  the  latest  form  of  the  escapement  is  not  shown  ; 
it  is  separately  given  in  Fig.  231.  The  release  mechanism,  as  shown  in 
Fig.  230,  will  be  understood  from  the  following.  One  of  the  wheels  of  the 
counting  train  carries  a  crank-pin,  J,  which,  in  rotating,  rocks  the  connecting 
rod  and  lever  K  K  backwards  and  forwards.  This  lever  K  has  attached  to  it 
a  horizontal  bar  with  two  small  vertical  screws  L  L,  forming  the  escapement. 
The    rocking   motion  raises  and  lowers  first  one  screw  and  then  the  other. 
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which  allows  the  checks  to  fall  one  at  a  time  into  the  drawer.  In  the  im- 
proved release  mechanism  (Fig.  231),  the  lever  K  terminates  in  an  escapement 
V,  which  controls  a  star  wheel  S.  The  connecting  rod  and  lever  K  K  are 
oscillated  by  the  counterbalanced  crank  arm  J,  which  is  rotated  by  the 
integrating  train  when  current  is  flowing  in  the  circuit.  The  star  wheel  S 
is  driven  by  the  weight  of  the  checks  M  in  the  beam  G,  and  one  of  its  teeth 
is  released  by  the  escapement  V  each  ^ 

time  the  predetermined  amount  of 
energy  has  been  consumed,  so  that  the 
only  extra  work  the  meter  has  to  per- 
form consists  in  actuating  the  escape-  i  ^^  j  — —-.__  O— F 
ment.  Simultaneously  with  the 
release  of  a  tooth  of  the  star  wheel, 
a  check  drops  from  the  beam. 

The  coin  and  check  drawers  are 
secured  by  vertical  spring  bolts  which 

are  depressed  by  the  horizontal  bar  ^^^-  231. 

on  the  top  of  the  case.     This  bar  also 

opens  and  closes  the  reservoir  cover  and  a  small  hole  in  the  case.  The  hole 
gives  access  to  the  screw  N,  which,  in  the  lowered  position,  presses  the  end 
of  the  beam  firmly  down  upon  the  mercury  cups,  effectually  sealing  them 
against  loss  of  mercury  in  transit.  On  fixing  the  meter  this  screw  must  be 
raised  to  its  fullest  extent.  The  counter,  a  view  of  which  is  shown  in  Fig. 
232,  registers  in  the  usual  way  the  amount'  of  energy  consumed,  and  shows 


CHAMBERLAfN   &  HOOKHAM  L9      co.nsused 
B  I  R  MINGHAM. 


I 


Fig.  232. 


on  the  upper  right-hand  dial  the  coins  still  to  the  credit  of  the  consumer. 
The  two  lower  dials  indicate  the  number  of  coins  which  should  be  found  in 
the  drawer  of  the  meter. 

The  Mordey-Fricker  Prepayment  Meter  is  a  modification  of  the  Mordey- 
Fricker  ampere-hour  meter  described  on  page  50,  the  winding  up  of  the 
clock  of  the  meter  proper  being  performed  on  the  insertion  of  a  coin  and 
turning  the  handle  of  the  prepayment   mechanism.     The    meter   spindle    is 
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extended  through  the  box  containing  the  mainspring,  and  terminates  in  a 
screw-thread  with  a  nut,  which  operates  the  instrument  switch  and  credit 
dial.  When  a  coin  is  inserted  in  the  slot  it  forms  a  key  between  the  handle 
and  a  toothed  wheel  which  engages  with  a  pinion  on  the  spring  barrel  shaft. 
To  this  spring  barrel  the  mainspring  is  attached  at  its  one  end,  its  other  end 


being  fixed  to  the  meter  spindle.  On  turning  the  handle  until  the  coin  drops 
into  the  money  box  the  spring  is  wound  uj3  a  definite  amount,  and  the  nut  is 
turned  through  one  complete  revolution  and  travels  through  the  distance  of 
one  thread  along  the  meter  spindle,  which  remains  stationary  during  this 
operation.  The  motion  of  the  nut  pushes  forward  a  lever  and  closes  the 
instrument  switch,  at  the  same  time  turning  the  hand  of  the  credit  dial  to  a 
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figure  which  indicates  the  amount  prepaid.  The  same  action  of  the  handle 
also  turns,  through  the  toothed  wheel  on  the  shaft,  a  small  counter,  which 
registers  the  total  number  of  coins  inserted  and  acts  as  a  check  on  the 
collector.  The  operation  of  inserting  a  coin  and  winding  up  the  clock  can 
be  repeated  until,  in  the  particular  instrument  illustrated  in  Fig.  233,  six 
coins  have  been  prepaid.  At  each  such  insertion  the  mainspring  is  wound 
up  to  the  same  amount,  the  check  counter  is  moved  to  the  next  higher  figure, 
and  also  the  credit  index,  and  the  nut  travels  up  the  meter  spindle,  pushing 
the  lever  still  further  out.  When  current  is  taken,  the  meter  spindle  revolves 
at  a  rate  dependent  upon  the  strength  of  the  current,  and  in  the  same 
direction  as  that  in  which  the  nut  was  previously  turned.     The  latter  thus 


Fig.  234. 


gradually  travels  back  to  its  initial  position,  returning  the  index  on  the  credit 
dial,  which  shows  at  every  moment  the  amount  still  standing  to  the  credit 
of  the  consumer,  to  the  zero  position,  at  which  the  switch  is  automatically 
opened.  Current  cannot  now  be  taken  unless  further  prepayment  is 
made. 

By  means  of  the  check  counter  and  credit  dial  the  meter  proper  registers 
accurately  the  units  consumed  at  the  pressure  of  supply. 

The  instrument  can  be  constructed  for  different  coins,  and  by  a  change 
wheel  in  the  gearing  can  be  adapted  to  supply  at  any  price  per  unit. 

The  Reason  Prepayment  Meter.— The  prepayment  attachment  used  by 
the  Reason  Manufacturing  Company,  Ltd.,  Brighton,  in  their  prepayment 
mercury  motor  meter,  will  be  understood  by  reference  to  Figs.  234  and  235. 

The  coin  is  inserted  through  a  slot  in  the  meter  case  and  slides  down  a 
shoot  A  into  the  coin  receiver  B.  This  receiver  forms  the  one  end  of 
a   counterweighted   coin   lever  C,  which  is  pivoted  at  c.       When   the  coin 
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gravitates  into  B,  the  lever  is  tilted  through  a  certain  distance  and  the  coin 
then  drops  into  the  money  box.  This  movement  of  the  coin  lever  actuates 
a  mercury  switch,  a  credit  dial,  and  a  check  counter.  As  soon  as  the  coin 
leaves  the  receiver  B,  the  counterweight  returns  the  lever  C  to  its  original 
position.  The  mercury  switch  consists  of  the  mercury  cups  F  and  the 
contact  bridges  Ej ,  the  latter  attached  to  the  one  end  of  a  contact  lever  E, 
pivoted  at  e,  and  furnished  at  its  other  end  with  a  counterweight.  When  the 
mercury  switch  is  open,  the  contact  lever  E  rests  against  the  arm  D,  carried  by 
the  lever  C.  The  switch  is  closed  on  the  coin  lever  C  being  depressed  by  the 
coin,  when  the  contact  lever  E  is  drawn  down  by  D,  and  the  contacts  made 
to  dip  into  the  mercury  in  the  cups.  The  lever  E  is  then  locked  in  position 
by  its  pin  G  engaging  with  the  locking  arm  H. 

The  star  wheel  K  is  moved  forward  one  tooth  for  each  depression  of  the 
lever  C  by  means  of  the  pin  Jj  on  the  pawl  J,  attached  to  the  arm  I,  which 
in  turn  is  carried  on  the  coin  lever.  This  star  wheel  is  fixed  on  the  sleeve  of 
one  wheel  L  of  a  differential  gear,  of  which  the  other  wheel  M  gears  with 


the  integrating  train  of  the  meter.  Both  M  and  L  rotate  freely  on  the 
spindle  Mj ,  to  which  the  differential  pinion  N  and  the  switching-pff  arm  0 
are  fixed.  When  the  star  wheel  K  is  turned  by  the  coin  lever,  the  wheel 
L  drives  the  pinion  N  and  the  pin  0  forward  through  a  proportional 
distance,  and  the  star  wheel  K  is  retained  in  position  after  each  forward 
movement  by  means  of  the  spring  P. 

On  the  passage  of  a  current,  after  the  insertion  of  thirst  coin  closes  the 
circuit,  the  meter  train  rotates  through  the  differential  wheel  M  the  differential 
pinion  N  and  the  pin  0  in  the  reverse  direction,  at  a  rate  proportional  to  the 
current  and  to  the  price  per  unit  for  which  the  meter  has  been  adjusted. 
This  condition  obtains  until  the  energy  consumed  corresponds  to  the  amount 
prepaid,  when  the  pin  0  forces  back  the  stop-piece  H.  The  contact  lever  is 
then  released  and  springs  back  against  the  arm  D  of  the  coin  lever,  and  the 
circuit  is  opened.  A  further  prepayment  must  then  be  made  before  current 
can  be  taken.  The  spindle  M^  also  carries  an  index,  which  shows  on  the  credit 
dial  the  coins  standing  to  the  consumer's  credit,  and  which  is  brought  back 
to  zero  when  the  meter  proper  is  working.  The  total  number  of  coins 
paid  into  the  meter  is  also  registered  on  a  small  counter,  which  is  moved 
each  time  the  coin  lever  is  depressed. 

It  will  be  noticed  that  the  device  operates  directly  on  the  insertion  of  a 
coin   without  the  use  of  a  handle.     The  attachment  may  be  made  for  any 
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coins  except  small  ones,  such  as  a  sixpenny-piece.  The  general  construction 
of  the  prepayment  meter,  with  the  cover  removed,  is  given  in  Fig.  236. 

General  Electric  Company's  Prepayment  Meter. — In  addition  to  the 
'  Wood '  prepayment  attachment,  described  on  page  231,  the  General 
Electric  Company,  Schenectady,  U.S.A.,  use  their  Thomson  meter,  somewhat 
modified,  in  combination  with  a  separate  prepayment  device.  The  two 
instruments  are  mechanically  independent  of  one  another,  but  are  electrically 
connected. 

The  meter  differs  from  the  standard  type  in  the  construction  and  arrange- 
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ment  of  the  registering  train  and  a  few  minor  details,  so  that  an  ordinary 
Thomson  meter  without  the  special  register  cannot  be  used  for  the  prepay- 
ment system.  The  register  of  the  meter  is  fitted  with  a  commutator  which 
momentarily  closes  the  circuit  of  an  electro-magnet  in  the  prepayment 
mechanism.  Fig.  237  is  a  diagrammatic  representation  of  the  connections 
of  a  two- wire  watt-hour  meter  with  the  prepayment  device,  showing  the 
commutator,  the  electro-magnet,  and  the  double-pole  circuit  switch.  In  the 
prepayment  instrument  a  registering  wheel  is  used,  which  is  very  clearly 
shown  in  the  interior  view  of  the  prepayment  device  given  in  Fig,  238.  The 
insertion  of  a  coin  in  the  slot  locks  the  spindle  of  the  handle  and  the  shaft 
carrying  the  switch  and  registering  wheel,  which  is  rotated  forward  against  a 
spring  through  one  notch.     If  the  circuit  be  open  when  a  coin  is  deposited, 

16 
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the  same  motion  of  the  handle  closes  the  circuit  switch.  A  portion  of  the 
registering  wheel  is  visible  through  the  glass  window  in  the  cover,  and  plain 
numerals  on  its  face  indicate  the  number  of  coins  still  remaining  to  the  credit 
of  the  consumer.  He  is  thus  able  to  ascertain  at  any  time  how  much  energy 
he  can  obtain  before  having  to  insert  more  coins.  When  the  first  coin  has 
been  deposited  and  the  handle  moved,  the  main  switch  is  closed  and  the 
numeral  '  1  '  comes  into  view.  The  insertion  of  a  second  coin,  before  the 
current  purchased  with  the  first  one  has  been  consumed,  allows  of  a  second 
motion  of  the  registering  wheel,  and  this  will  bring  the  figure  '  2 '  in  front 
of  the  window. 

Twenty  coins  can  in  this  manner  be  deposited,  after  which  the  slot  is  auto- 
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matically  closed,  as  the  handle  cannot  be  turned  back  to  its  original  position, 
and  further  prepayment  cannot  be  made  until  the  energy  corresponding  to 
the  value  of  one  or  more  coins  has  been  consumed. 

Whenever  the  energy  value  of  one  coin  has  passed  through  the  meter, 
the  commutator  on  the  meter  register  momentarily  closes  the  circuit  of  the 
electro-magnet.  The  armature  of  the  latter  is  attracted  forward  and  a  catch 
is  released  so  that  the  registering  wheel  unwinds  by  the  amount  of  a  single 
tooth,  when  motion  is  again  arrested.  When  a  further  equal  amount  of 
energy  has  been  taken,  the  operation  is  repeated.  This  process  continues 
until  all  the  energy  for  whicli  prepayment  has  been  made  has  been  delivered, 
when  the  registering  wheel  moves  back  to  the  first  notch  and  opens  the 
switch.     No  more  current  can  now  pass  until  another  coin  has  been  deposited. 

As  already  pointed  out,  the  prepayment  mechanism  only  shows  the  number 
of  coins  which  stand  to  the  credit  of  the  depositor,  but  the  dial  of  the  meter 
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always  indicates  the  amount  of  energy  delivered,  and  thus  serves  to  check  the 
number  of  coins  in  the  coin  receptacle.  This  latter  is  made  detachable  and 
can  be  separately  sealed,  so  that  the  collector  only  has  to  remove  it  and 
replace  it  with  an  empty  one. 

The  prepayment  device  is  manufactured  in  one  standard  size,  designed  for 
the  deposit  of  dimes,  which  represent  the  most  commonly  used  coin  in 
America,  so  that  prepayment  can  be  made  for  $2.00  worth  of  electrical  energy 
at  one  time.  The  selection  of  the  commonest  coin  as  the  unit  of  the  pre- 
payment system  is  important,  as  it  avoids  inconvenience  to  a  customer  when 
a  deposit  is  necessary. 

The  Prepayment  Meter  of  the  Compagnie  pour  la  Fabrication  des 
Compteurs,  Paris.  —  A  similar 
method  is  used  by  this  company 
and  by  the  Danubia  Actiengesell- 
schaft,  Vienna.  An  illustration 
of  the  former  company's  prepay- 
ment meter  is  given  in  Fig.  239, 
The  meter  proper  is  electrically 
connected  to  a  separate  auto- 
matic instrument,  and  in  the 
case  illustrated  the  meter  is  their 
O'K.  type.  The  coin  is  inserted 
in  the  slot  at  D,  and  the  handle 
M  turned  from  left  to  right  as 
far  as  it  will  go,  when  it  is 
brought  back  to  its  initial  posi- 
tion. This  action  closes  the  cir- 
cuit switch  in  the  prepayment 
instrument,  and  a  quantity  of 
electrical  energy  can  be  taken 
corresponding  to  the  value  of 
the  coin.  When  this  amount  of 
energy  has  been  delivered,  a 
contact  controlled  by  the  train 
of  wheels  of  the  meter  counter 
completes  the  circuit  of  an 
electro-magnet  in  the  automatic 
instrument ;  the  electro-magnet 
becomes    momentarily    energised 

and  by  means  of  its  armature  opens  the  circuit  switch.  Current  is  thus 
cut  off  until  a  further  prepayment  has  been  made.  Ten  coins  can  be 
successively  inserted  in  the  manner  described,  w^hen  further  prepayment  is 
automatically  prevented  until  an  amount  of  energy  corresponding  to  one 
coin  has  been  consumed.  It  will  be  seen  that  the  only  modification  intro- 
duced into  tlie  meter  proper  is  in  connection  with  the  registering  mechanism, 
the  dials  of  which  give  direct,  in  the  usual  manner,  the  units  delivered. 

A  small  dial,  visible  through  a  window  behind  the  handle  M  of  the  prepay- 
ment mechanism,  shows  the  number  of  coins  standing  to  the  credit  of  the  con- 
sumer. The  hand  on  this  dial  is  gradually  brought  back  to  zero  during  the 
passage  of  a  current,  and  reaches  the  zero  position  when  the  instrument  switch 
is  opened. 

The  Watson  Prepayment  Meter,  manufactured  by  the  Rochdale  Electric 
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Company,  Limited,  Rochdale,  differs  in  many  details  from  the  prepayment 
meters  which  have,  so  far,  been  described.  These,  it  will  be  remembered,  con- 
sist   of    two    distinct   parts,    namely,    the   prepayment   mechanism   and   an 


electricity  meter  proper,  the  latter  being  suitable  for  either  continuous  or 
alternating  currents,  or  both.  The  two  parts  are  either  mechanically  com- 
bined and  mounted  in  one  case,  or  they  are  simply  electrically  connected  and 
are  then  used  as  two  instruments.     The  meter  itself  does  not  differ  in  its  main 
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features  from  the  type  to  which  it  belongs,  the  only  modification  generally 
introduced  into  it  being  in  connection  with  the  registering  train. 

In  this  case,  however,  the  meter  is  a  specially  designed  prepayment  meter 
for  use  in  supplying  current  to  small  consumers,  and  the  electrical  portion  by 
itself  cannot  function  as  an  electricity  meter. 

Fig.  240  is  a  view^  of  the  Watson  slot  meter,  with  the  cover  open.  It  com- 
prises two  trains  of  wheels,  one  of  which  is  the  registering  train  and  the  other 
oscillates  a  special  zigzag  lever.  The  motion  of  this  lever  sets  free  and 
regulates  the  escapement  of  the  recording  train,  and  is,  in  turn,  controlled  by 
an  electrical  governor,  which  limits  the  extent  of  its  swing  according  to  the 
strength  of  the  current  flowing.  The  governor  consists  of  a  finger  attached 
to  the  soft  iron  armature  of  a  solenoid,  which  is  connected  in  series  with  the 
main  circuit  through  the  switch  in  the  meter.  The  more  lamps  there  are  in 
circuit,  the  more  strongly  will  the  armature  of  the  governor  be  drawn  into  the 
solenoid,  and  the  greater  will  be  the  amplitude  of  the  swing  of  the  oscillating 
lever,  and,  in  consequence,  the  more 
quickly  will  the  registering  train  be 
driven. 

The  parts  of  the  instrument  are 
shown  diagrammatically  in  Fig.  241. 
When  a  coin  is  inserted  in  the  slot 
and  has  been  turned  round  until  it 
drops  through,  it  comes  into  contact 
with  a  bell-crank  lever  A  and  removes 
the  toe  of  the  lever  from  its  posi- 
tion in  contact  with  a  cam  on  the 
cam  shaft  B,  which  is  now  free  to 
be  turned.  The  knob  C  on  the  shaft 
is  then  turned  through  one  complete 
revolution  in  the  direction  of  the 
hands  of  a  clock,  as  indicated  by  the 
arrow  on  it,  when  it  is  locked.  This 
action  closes  the  switch  at  D  D,  and 
brings  an  adjustable  sector  E,  on  the 
cam  shaft,  into  contact  with  a  disc 
F.  This  disc  is  turned  round,  and  moves  with  it  the  pointer  or  indicator  M, 
over  the  face  dial  W,  to  a  numeral  indicating  the  number  of  lamp-hours 
corresponding  to  one  penny.  At  the  same  time  the  cam  causes  the  bell-crank 
lever  A  to  move  forward,  allowing  the  coin  to  drop  into  the  till.  In  the  dia- 
gram, a  penny  is  clearly  shown  in  the  position  ready  to  fall  into  the  coin 
receptacle. 

The  meter  wdll  now  work  on  the  passage  of  a  current.  This  operation  may 
be  repeated  until  the  maximum  number  of  lamp-hours  on  the  dial  is  indicated. 
The  maximum  so  reached  cannot  be  exceeded,  as,  on  any  further  attempt  to 
turn  the  knob,  the  sector  E  will  revolve  in  an  annular  space  on  the  disc  F  at 
this  point.  In  this  manner  the  mechanism  is  safeguarded  against  injury  and 
cannot  be  locked.  H  is  the  zigzag  lever  which  frees  the  escapement  G  of  the 
recording  train  through  the  escapement  lever  L.  The  lower  end  of  H  is 
notched,  and  near  its  upper  end  it  has  a  series  of  zigzag  grooves,  correspond- 
ing in  number  to  these  notches.  In  the  zigzag  grooves  a  small  pin  K  works, 
and,  when  the  oscillating  lever  H  is  swinging,  rocks  the  escapement  lever  L  to 
and  fro,  to  which  it  is  connected.     The  escapement  lever  L  engages  with  the 


Fig.  240. 
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escapement  wheel  G  of  the  recording  train,  and  thus  works  the  pointer  M  back 
to  zero. 

It  is  so  arranged  that  one  tooth  of  the  escapement  wheel  is  released  for 
each  zigzag. 


Fig.  241. 


The  oscillating  motion  of  H  is  obtained  from  the  pendulum  clock  through 
the  pin  0,  which  engages  with  the  cam  N,  mounted  on  a  continuously  revolv- 
ing shaft.  P  is  the  governing  lever  attached  to  the  armature  R  of  the  solenoid 
S.  The  steps  from  0  to  6,  at  the  bottom  of  the  lever  H,  are  so  arranged  that, 
when  the  tip  of  this  governor  engages  with  these  steps,  the  escapement  G  is 
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free  to  move  1,  2,  3,  up  to  6  teeth,  according  to  the  position  of  the  governor 
tip.  This  position  depends  upon  the  extent  of  the  attraction  of  the  armature 
R  into  the  coil  S,  and,  therefore,  on  the  number  of  lamps  in  circuit. 

When  no  current  is  flowing,  the  lever  H  is  held  out  of  reach  of  the  cam  N 
by  the  governing  lever,  and  consequently  does  not  move.  Although  the 
pendulum  bob  T  continues  to  swing,  no  movement  of  the  pointer  M  on  the 
face  dial  W  can  take  place. 

During  the  operation  of  the  meter  the  indicator  is  gradually  being  brought 
back  to  the  zero  position  ;  the  moment  it  returns  to  zero,  the  circuit  switch  D 
is  opened  by  the  pin  Z  on  the  dial  hand  shaft,  coming  into  contact  with  and 
forcing  away  the  lever  with  the  catch  Y.  No  current  can  then  be  taken  until 
further  prepayment  is  made. 

The  face  dial  W,  in  the  front  of  the  meter,  reads  in  lamp-hours,  and 
indicates  at  every  movement  the  number  of  lamp-hours  which  stand  to  the 
credit  of  the  consumer.  A  check  dial  X  is  fixed  on  the  main  wheel  of  the 
recording  train,  and  can  be  read  through  a  hole  in  the  front  dial.  It  shows 
the  number  of  lamp-hours  consumed,  and  forms  a  check  on  the  collector. 

The  coins  found  in  the  till  multiplied  by  the  lamp-hours  per  coin  should 
equal  the  sum  of  the  check  and  face  dials,  less  the  previous  readings.  In  the 
event  of  the  rate  of  charge  per  unit  being  altered,  the  number  of  lamp-hours 
per  coin  can  be  increased  or  decreased  without  displacing  the  meter  from  its 
position  by  increasing  or  decreasing  the  arc  of  contact  of  the  adjustable  sector 
E  with  the  disc  F. 

The  meter  is  calibrated  by  cutting  the  notches  in  the  oscillating  lever  to 
correspond  with  the  movement  of  the  armature,  which  is  centred  in  jewels. 

At  V  will  be  seen  the  coin  trap  used,  which  effectually  prevents  the 
insertion  of  a  suspended  coin,  wire,  or  a  coin  of  abnormal  proportions. 
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CHAPTER  XII 

TARIFF  AND  HOUR  METERS. 

Definition  of  Maximum  Demand  Indicator — Aron  Maximum  Demand  Indicator — Atkinson- 
Schattner  Maximum  Demand  Indicator  —  Flicker  Maximum  Demand  Indicator — 
Maximum  Demand  Indicators  of  the  Reason  Mfg.  Co.,  Brighton — General  Description 
of  Two-rate  Meters — Deutsch-Russische  Tariff  Meters— Electrical  Company's  Tvvo-rate 
Meters — Hookham  Two-rate  Meter — Siemens-Schuckert  Double-tariff  Meters — Aron 
Two-rate  Meter — Two-rate  Meters  of  the  Compagnie  pour  la  Fabrication  des  Compteurs, 
Paris — Double-tariff  Instrument  of  the  Luxsche  Industriewerke — Hour  Meters. 

Definition  of  Maximum  Demand  Indicator. — In  the  present  chapter,  de- 
scriptions are  included  of  some  representative  types  of  maximum  demand 
indicators,  double-tariff  or  two-rate  meters  and  hour  meters.  The  principles 
involved  have  already  been  discussed  in  Chapter  X. 

A  maximum  demand  indicator  is  an  instrument  which  registers  the 
maximum  current  taken  in  an  installation  during  a  given  period,  and  its  scale 
shows,  at  the  particular  supply  pressure,  the  number  of  units,  corresponding 
to  each  maximum  current  so  taken,  that  must  be  consumed  during  stated 
periods  before  a  reduction  is  made  in  the  price  per  unit.  Maximum  demand 
indicators  are  based  on  either  the  thermal  or  electro-magnetic  effect  of  a 
current,  and  on  the  principle  of  intermittent  integration.  A  demand  instru- 
ment should  only  register  the  excess  current  when  that  current  has  been 
flowing  for  an  interval  exceeding  the  time  lag  of  the  instrument,  which  should 
be  large  and  depend  on  the  nature  of  the  installation,  that  is,  whether  the 
indicator  is  connected  to  a  purely  lighting  circuit  or  is  operating  on  a  load 
comprised  of  motors.  Increments  of  current  of  short  duration,  as,  for 
instance,  switching  on  a  few  extra  lamps  for  a  few  minutes,  or  temporary 
short-circuits,  should  not  cause  an  increase  in  its  registration. 

If  a  steady  current  of  A  amperes  be  flowing  in  a  circuit,  the  indicator  will, 
of  course,  show  A  amperes,  but  if  the  current  be  increased  to  A  -I-  B  amperes, 
and  the  increment,  B  amperes,  only  lasts  a  few  minutes,  then  the  indicator 
should  not  record  more  than  the  original  current. 

The  Aron  Maximmn  Demand  Indicator. — By  means  of  an  ingenious  and 
slight  addition  to  the  ordinary  Aron  meter,  it  is  made  to  function  both  as  a 
meter  proper  and  as  a  maximum  demand  indicator.  The  same  instrument 
will,  therefore,  not  only  register  the  units  consumed  in  the  usual  manner,  but 
will  also  give  the  maximum  energy  taken  during  a  given  time  interval,  and, 
consequently,  the  units  that  must  be  consumed  during  that  interval  before  a 
rebate  is  made. 

It  will  be  remembered  that  the  differential  clock  of  the  Aron  meter  is 
driven  by  means  of  a  small  motor,  and  that  the  oscillation  differences  of  the 
two   pendulums,  produced  when   current   is   taken   by  the    installation,  are 
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integrated  by  the  clock  and  given  on  the  dial,  the  indications  of  which 
represent  the  energy  consumed  over  any  desired  period.  The  power  of  the 
driving  motor  thus  available  is  utilised  to  drive  an  additional  train  of  wheels, 
by  means  of  which  a  pointer  is  intermittently  brought  into  gear  with,  and  is, 
in  turn,  actuated  by,  the  integrating  train  of  the  meter.  The  position  of  the 
maximum  demand  pointer  on  its  dial  is  determined  by  the  angle  through 
which  the  first  wheel  of  the  counter  has  turned  in  a  given  time.  Fig.  242  is 
a  front  view  of  the  instrument,  showing 
very  clearly  the  maxinmm  demand  dial 
above  the  springing  integrating  counter. 
The  maximum  demand  pointer  is  loosely 
mounted  on  its  spindle,  which,  at  the 
back  of  the  dial,  carries  a  toothed 
wheel.  This  wheel  engages  with  the 
pointer  by  means  of  a  pin  attached 
to  the  latter,  and  is  driven  from  the 
integrating  train. 

The  commutator  axle  of  the  meter 
drives  through  a  toothed  wheel  an  inter- 
mediate set  of  wheels,  which  actuate  a 
pivoted  lever,  on  which  is  mounted 
another  small  wheel,  which  forms  the 
connecting  link  between  the  integrating 
train  of  the  meter  and  the  toothed 
wheel  on  tlie  pointer  spindle.  This 
small  connecting  wheel  is  thrown  into 
gear  once  every  twenty  minutes,  but 
only  remains  in  gear  for  half  this 
interval.  This  period  of  twenty 
minutes  can,  however,  be  increased  or 
decreased  to  any  extent.  The  integrat- 
ing train  and  the  demand  indicator  are 
thus  in  gear  during  a  definite  time, 
and  when  the  former  is  actuated,  on  the 
passage  of  a  current  in  the  main  coils 
of  the  meter,  the  pointer  on  the  maxi- 
mum demand  dial  will  be  moved  dur- 
ing this  time  at  a  rate  dependent  on 
the  energy  consumed.  The  position  at 
which  it  ultimately  arrives  at  the  end 
of  the  period  will  be  a  measure  of  the 
maximum  demand  in  units. 

At  the  termination  of  this  time  the  small  connecting  wheel  above  referred 
to  is  thrown  out  of  gear.  The  pointer  will  now  remain  stationary,  and  a  light 
hairspring,  which  is  wound  up  on  the  driven  wheel  of  the  pointer  axle  as  this 
wheel  rotates,  unwinds  and  quickly  returns  the  wheel  to  its  zero  position, 
leaving  the  pointer  behind.  This  wheel  will  be  again  driven  as  already 
explained.  Before,  however,  it  can  move  the  demand  pointer,  it  must  travel 
round  until  it  again  engages  with  the  pin  of  the  same.  This  will  only  happen 
provided  that  the  demand  during  the  new  period  is  in  excess  of  the  former 
one,  when  the  pointer  will  move  further  round  and  indicate  the  new 
maximum.     To  re-set  the  demand  dial,  it  is  only  necessary  to  turn  the  pointer 


Fig.  242. 
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back  to  the  zero  position.  In  addition  to  the  advantage  of  one  instrument 
giving  both  the  actual  units  consumed  and  the  maximum  demand,  however 
small,  the  law  of  the  meter  being  a  straight  line  law,  the  demand  mechanism, 
as  it  is  driven  hy  the  meter,  is  strictly  proportional  throughout  the  range  of 
the  latter. 

The  Atkinson-Schattner  Maximum  Demand  Indicator,  the  latest  type  of 
which  is  illustrated  in  Fig.  243,  works  on  the  electro-magnetic  principle.  It 
is  simply  a  gravity  control  ammeter  of  the  solenoid  type  with  a  soft  iron  core, 
and  is  provided  with  a  special  time-lag  registering  device.  The  solenoid  is 
bent  into  an  arc  of  a  circle  and  is  fixed  in  the  case  on  the  left-hand  side.  The 
circular  core  is  composed  of  thin  iron  sheets,  increasing  in  number  by  gradual 
steps  within  the  solenoid. 

These  iron  plates  are  insulated  from  one  another  with  a  coating  of  varnish 
to  prevent  eddy  current  loss  when  used  on  an  alternating  current  circuit,  and 


Fig.  243. 


the  section  of  the  armature  core  is  graduated  to  obtain  as  uniform  a  pull  as 
possible.  The  core  is  carried  on  the  lower  arm  of  a  light  alimiinium  frame, 
pivoted  at  the  centre,  and  shaped  in  the  form  of  a  sector  above  the  horizontal 
axis,  round  which  it  can  swing.  The  top  portion  of  the  frame  supports  the 
registering  device.  This  consists  of  an  hermetically  sealed  glass  tube  affixed 
to  an  aluminium  scale.  The  form  of  the  tube  is  readily  seen  in  the  illustra- 
tion ;  the  tube  itself  is  filled  with  a  viscous  fluid,  and  contains  a  number  of 
steel  balls  in  the  circular  portion.  The  curved  part  of  the  scale  is  graduated 
to  read  in  amperes,  and  the  current  passing  is  indicated  at  any  moment  by 
the  division  of  the  scale  below  the  pointer  fixed  in  the  top  of  the  case.  The 
scale  has  marked  on  it  three  vertical  columns  of  figures,  in  the  second  of 
which  the  figures  denote  the  amperes,  corresponding  to  the  number  of  balls 
given  in  the  first  column,  which  have  passed  round  the  bend  of  the  tube 
into  the  radial  limb,  and  the  third  column  gives  the  units  which  have  to  be 
consumed  during  the  quarter,  at  the  supply  voltage  and  maximum  current, 
before  any  rebate  is  made. 
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The  action  of  the  instrument  is  readily  followed.  On  the  passage  of  a 
current  through  the  solenoid  the  armature  is  attracted  into  it,  and  the  whole 
frame  is  tilted  round  the  horizontal  pivot.  The  highest  part  of  the  circular 
portion  of  the  tube  is  moved  downwards  to  the  right,  and  any  ball  beyond 
this  point  slowly  slides  down  the  tube  until  it  passes  the  bend,  and  collects 
in  the  radial  leg.  The  speed  of  travel  of  the  ball  is  limited  by  the  viscosity 
of  the  liquid  (oil  or  glycerine)  used.  The  number  of  balls  in  the  lower  limb 
depends  upon  the  angular  deflection  of  the  whole  frame,  and,  consequently, 
upon  the  current  in  the  main  circuit. 

The  duration  of  the  current  must,  of  course,  be  sufficiently  long  to  enable 
the  ball  or  balls  to  slide  past  the  bend.  Temporary  short-circuits  and 
vibration  will  not  affect  the  instrument,  and,  due  to  its  sluggishness  of  action, 
it  will  not  register  increases  of  current  lasting  only  for  a  short  interval  of 
time. 

To  prevent  loss  of  time  in  re-setting  the  tube,  a  duplicate  scale,  with  a 
second  tube  fitted  to  it,  is  provided.  When  the  reading  has  been  taken  and  the 
indicator  is  to  be  re-set,  the  tube  is  detached  from  the  frame  by  means  of  its 
scale,  and  is  replaced  by  the  second  set.  The  one  previously  in  use  is  then 
hung  up  on  the  pivots  in  the  meter  cover  in  the  manner  shown  (Fig.   243), 


Fig.  244. 

so  that  the  balls  return  to  the  starting  position  ready  for  use.  The  scale  is 
fixed  to  the  aluminium  frame  by  a  hook  at  the  top  and  a  slotted  pin  at  the 
bottom,  to  which  it  is  locked  by  a  small  lever. 

The  Fricker  Maximum  Demand  Indicator  depends  on  the  thermal  effect 
of  a  current.  The  registration  of  the  maximum  demand  is  effected  by  means 
of  a  simple  differential  air  thermometer,  illustrated  separately  in  Fig.  244. 
It  consists  of  a  tube  of  uniform  bore,  terminating  in  two  hermetically  sealed 
bulbs,  of  which  the  horizontal  one  A  is  cylindrical,  and  is  the  bulb  to  which 
heat  is  applied,  and  the  other  B  is  vertical  and  spherical  in  shape.  At  the 
end  B  the  bore  of  the  tube  is  closed  by  means  of  a  globule  of  mercury,  which 
acts  as  a  valve ;  and  to  keep  the  surface  of  the  mercury  clean,  hydrogen  is 
used  as  the  thermometric  substance. 

When  a  difference  of  temperature  is  established  between  the  two  bulbs, 
produced  by  a  current  flowing  in  the  heating  coil  with  which  the  bulb  A  is 
surrounded  in  the  instrument,  the  enclosed  hydrogen  gas  expands  and  escapes 
past  the  mercury  valve  into  the  vertical  bulb  B.  After  cooling  has  taken 
place,  the  gas  contracts  and  draws  the  mercury  thread  along  the  tube  from  B 
towards  A  by  an  amount  corresponding  to  the  exact  transference  of  gas  from 
the  heated  bulb  during  the  passage  of  the  current.  When  the  instrument  is 
cold,  i.e.  no  difference  in  temperature  exists  between  the  two  bulbs,  either 
on  the  discontinuance  of  the  current,  or  when  the  tube  has  been  removed 
from  the  instrument  and  cooled,  the  ultimate  position  to  which  the  mercury 
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then  travels  in  the  bore  is  an  exact  measure  of  the  maximum  current  taken, 
as  shown  on  the  scale  attached  to  the  tube. 

A  standard  10-ampere  instrument  is  shown  in  Fig.  245,  with  the  case  open. 
The  thermometer  proper  is  mounted  in  a  cast-iron  longitudinal  box,  with  the 
cylindrical  bulb  embraced  by  the  heating  coil,  which  is  attached  by  flexible 
copper  strips  to  the  two  terminals  of  the  instrument,  which  must  be  fixed  in  a 
horizontal  position.  A  small  spring  plunger  with  an  insulating  wedge  serves, 
on  opening  the  cover,  to  press  these  two  copper  strips  slightly  apart,  to 
facilitate  the  removal  of  the  thermometer  for  reading  and  re-setting  the  same. 
The  action  of  closing  the  lid  releases  the  plunger  and  causes  the  heating  coil 
to  firmly  embrace  and  hold  the  cylindrical  bulb  of  the  tube.  The  plunger  at 
the  same  time  becomes  clamped,  and  cannot  be  moved  unless  the  case  is 
opened.  A  small  cooling  chamber  is  fitted  to  one  end  of  the  box,  and  consists 
of  a  cylindrical  vessel  surrounded  with  a  water-jacket,  its  function  being  to 
rapidly  cool  the  thermometer  when  a  reading  is  required.  The  bulb  is  placed 
in  the  cylinder,  and  after  a  minute  the  cooling  of  the  thermometer  is  complete, 
when  the  mercury  index  remains,  stationary  in  the  tube  at  a  point  cor- 
responding to  the  maximum  current  taken.     The  operation  of  re-setting  the 
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tube  is  very  quickly  performed.  It  is  held  in  a  vertical  position,  with  the 
cylindrical  bulb  pointing  upwards,  and,  on  slightly  tapping  the  tube,  the 
mercury  index  will  descend  into  the  spherical  bulb,  and  the  valve  will  close 
the  bore  of  the  tube  when  it  has  been  replaced  in  its  horizontal  position  in 
the  case.     The  instrument  is  then  again  ready  for  further  use. 

The  consumer  can  read  the  maximum  demand  recorded  at  any  time  when 
the  instrument  is  cold  before  switching  on  current,  and  can  also  easily 
ascertain  the  state  of  his  present  demand,  i.e.  whether  he  is  within  his 
previous  maximum,  by  examining  the  tube  through  the  window  on  the 
cover.  If  the  mercury  index  be  visible  at  all,  the  current  flowing  will  be 
below  this  maximum ;  if,  however,  it  be  not  visible  in  any  part  of  the  tube, 
then  the  previous  demand  has  been  reached,  and  possibly  exceeded. 

It  follows,  naturally,  from  the  thermal  sluggishness  of  the  principle 
involved,  that  increases  in  the  current  strength  of  short  duration  will  not 
produce  abnormal  registrations,  as  a  current  slightly  in  excess  of  a  former  one 
requires  the  full  time  to  heat  up  the  instrument.  The  time  lag  of  the 
indicator  can  also  be  suitably  increased,  by  increasing  its  capacity  for  heat, 
to  apply  it  to  the  registration  of  the  maximum  currents  taken  with  motor 
loads. 

The  Reason  Company's  Maximum  Demand  Indicators. — The  maximum 
demand  indicator,  invented  by  Mr  Arthur  Wright,  and  made  by  the  Reason 
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Manufacturing  Co.,  Ltd.,  Brighton,  is   in   principle   a  differential  recording 
thermometer  which  registers  the  thermal  effect  of  a  current. 

A  view  of  the  demand  indicator,  with  the  case  removed,  is  given  in  Fig. 
246,  and  is  the  standard  type  for  capacities  of  2|  to  35  amperes.  It  consists 
of  two  hermetically  sealed  bulbs,  of  approximately  the  same  size,  united 
together  by  a  U-tube,  filled  with  a  solution  of  strong  sulphuric  acid.  Attached 
to  the  right-hand  limb  of  the  U-tube  is  a  third  tube,  to  which  the  scales  are 

fixed.  The  liquid  employed  as  the  thermometric 
substance  is  chosen  on  account  of  its  hygroscopic 
character,  in  order  to  keep  the  air  in  the  bulbs 
free  from  aqueous  vapour.  The  left-hand  bulb 
is  wound  with  a  heating  coil,  which  is  traversed 
by  the  current  taken  by  the  installation.  The 
heat  so  generated  by  the  current  in  the  coil 
gradually  causes  the  air  to  expand  and  to 
depress  the  liquid  column  in  the  left-hand  limb 
of   the    U-tube,    so   that    it    rises    in   the    other 
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limb  and  slowly  overflows  into  the  reading  tube.  The  height  to  which 
the  liquid  finally  rises  in  this  tube  indicates  the  maximum  value  of  the 
current  which  has  passed  through  the  coil,  and  is  independent  of  the  nature 
of  the  current,  so  that  the  instrument  works  equally  well  on  an  alternating  or 
direct  current  circuit.  The  tubes  are  very  carefully  annealed,  to  free  the 
parts  from  internal  stress  and  eliminate  the  possibility  of  secular  charges. 
They  are,  in  addition,  constructed  with  a  number  of  traps  in  each  limb,  as 
illustrated  in  Fig.  247,  which  represents  one  of  the  latest  makes  of  tube.  C 
and  D  are  the  two  air  bulbs,  the  middle  tube,  is  the  reading  tube  in  which  the 
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overflow  collects,  and  the  traps  are  shown  at  F,  H,  and  K.  The  object  of 
these  traps  is  to  prevent  any  transference  of  air  from  one  bulb  to  the  other 
during  transit,  or  when  the  instrument  is  re-set  while  hot,  and  during  the 
passage  of  a  current.  The  tubes  are  carried  on  a  board,  which  can  be  tilted 
about  the  hinged  terminals,  so  as  to  allow  the  liquid  to  flow  completely  out 
of  the  reading  tube  into  the  right-hand  bulb  when  the  instrument  is  to  be 
re-set  to  zero. 

The  two  scales  provided  with  the  instrument  indicate  on  the  one  the 
maximum  current  used  in  amperes,  and  on  the  other  the  units  which  have  to 
be  consumed  in  a  given  period  before  the  reduced  charge  is  made ;  these 
latter  figures  are  set  opposite  the  corresponding  number  of  amperes.  In 
those  cases  in  which  the  duration  of  the  high  tariff"  does  not  remain  constant 

during  the  year,  as  when  the  high  rate  is 
charged  for  a  greater  number  of  hours 
per  month  in  the  winter  than  in  the 
summer,  the  instrument  has  a  separate 
winter  and  summer  scale  of  units,  either 
of  which  is  used  at  the  proper  season. 

The  scale  of  the  instrument  is  long, 
and  open  in  the  working  range  between 
full  load  and  one-fifth  load.  The  cali- 
bration does  not  extend  below  this  point, 
as  the  scale  contracts,  with  a  correspond- 
ing diminution  of  sensitiveness,  when  this 
value  has  been  reached. 

The  error  due  to  temperature  varia- 
tions of  the  surrounding  air  is  almost 
negligible,  except  below  one-fifth  load  and 
under  abnormal  conditions,  as  both  bulbs 
are  subjected  in  the  same  degree  to 
these  atmospheric  changes  ;  moreover,  the 
measurements  of  the  instrument  depend 
only  on  the  difference  in  temperature 
between  the  two  bulbs. 

The  natural  sluggishness  of  the  instru- 
ment,    which    depends    on     the    specific 
heat  of  the  coil,  the  glass  bulb,  and  the 
enclosed   air,    is    increased   by  placing   a 
cylinder  of  iron  in  a  pocket  in  the  heating  bulb,  to  adapt  the  indicator  for  use 
on  arc-lamp  and  motor  loads.     The  extra  capacity  for  heat  of  the  iron  causes 
the  indicator  to  record  as  slowly  as  may  be  required. 

From  the  thermal  principle  involved  in  the  instrument,  it  follows  that 
when  the  passage  of  a  current  has  been  stopped,  the  instrument  gets  quite 
cold,  and  a  subsequent  current  requires  the  full  time  to  heat  the  parts  and  to 
produce  a  steady  temperature.  The  danger  is  then  eliminated  of  a  current  a 
little  higher  than  a  previous  one,  but  of  short  duration,  causing  the  abnormal 
registration. 

For  heavy  continuous-current  work,  the  indicator  is  supplied  with  a  shunt, 
as  illustrated  in  Fig.  248. 

For  measuring  the  maximum  demand  of  a  three-wire  installation,  a  special 
arrangement,  due  to  Mr  J.  R.  Dick,  is  used.  The  instnunent  is  then  fitted 
with  two  equal  resistances  of  very  low  value,  to  the  common  junction  of  which 
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is  connected  the  neutral  wire  of  the  system,  and  the  heating  coil  of  the 
indicator  is  joined  across  the  ends  of  the  two  resistances  in  series,  as  shown 
diagrammatically  in  Fig.  249. 

It  follows,  very  simply,  that  the  current  in  the  indicator  will  always  be  pro- 
portional to  the  sum  of  the  currents  in  the  outer  mains. 

Referring  to  the  diagram  (Fig.  249),  C\  and  Cg  denote  respectively  the 
currents  in  the  outer  conductors,  and  A  is  the  current  in  the  heating  coil  of 
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the  indicator ;    Cg  and  C^  are  respectively  the  currents  in  the  two  equal  re- 
sistances R  R,  and  r  is  the  resistance  of  the  indicator  strip. 

Then  Ar  =  C3R  +  C4R. 

And  Ci  =  C3  +  A. 

C,  =  C44A. 
A?-  =  R(Ci  +  C2-2A). 
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That  is,  the  current  in  the  indicator  is  always  proportional  to  the  sum  of  the 
positive  and  negative  currents,  and  one  instrument  can  be  used,  with  gain 
both  in  accuracy  and  economy. 

The  Reason  Manufacturing  Company  have  recently  introduced  two 'new 
types  of  demand  indicators,  one  based  on  the  electro-magnetic  principle,  and 
the  other  devised  by  Mr  C.  H.  Merz,  for  supply-in -bulk  schemes,  and  based 
on  the  principle  of  intermittent  integration.  The  latter  apparatus  is  an 
additional  attachment  to  an  ordinary  ampere-hour  or  watt-hour  motor  meter, 
and  consists  of  a  pointer  driven  by  the  meter  train,  a  maximum  demand  dial, 
and  a  clock  which  periodically  re-sets  the  driving  mechanism  to  zero.  The 
first  wheel  of  this  driving  mechanism   is  in  mesh  with  the  ordinary  meter 

train,  and  rotates  a  spindle  by 
means  of  a  ratio  wheel  through 
a  given  angle  in  the  period 
which  elapses  between  the 
moments  when  the  mechanism 
is  re-set  to  zero.  The  ratio 
wheel  is  such  that  it  nearly 
gives  a  complete  revolution  of 
the  demand  pointer,  with  the 
full  load  current  flowing  for 
one  hour.  The  pointer  is  held 
in  its  maximum  position  by  a 
small  pawl,  which  prevents  its 
being  returned*  to  the  zero 
position  by  the  automatic  re- 
setting of  the  mechanism.  At 
the  end  of  each  month  the 
meter  reader  returns  the 
pointer  to  its  zero  stop  after 
releasing  the  pawl.  On  a 
fluctuating  load  the  dial  re- 
cords the  maximum  consump- 
tion per  hour  during  the  time 
the  meter  is  in  circuit,  and, 
whatever  the  instantaneous 
load,  only  the  maximum  aver- 
aged over  one  hour  is  regis- 
tered. 
The  electro-magnetic  demand  indicator  made  by  this  company  is  illustrated 
in  Fig.  250.  It  consists  of  a  solenoid,  through  which  the  main  current 
passes,  and  into  which  a  plunger  is  attracted.  A  glass  vessel  containing  a 
liquid  forms  the  registering  part  of  the  instrument,  and  is  tilted  by  the  motion 
of  the  plunger.  When  this  happens  the  liquid  gradually  flows  through  the 
constricted  portion  of  the  U-tube,  and  collects  in  the  vertical  reading  tube  to 
which  the  scales  are  affixed.  By  suitably  altering  the  constricted  part  of  the 
U-tube,  the  sluggishness  of  registration  of  the  instrument  can  be  varied,  so 
that  a  full  reading  is  not  obtained  until  the  current  has  been  on  for  the 
desired  interval. 

The  period  for  complete  registration  can,  in  fact,  be  adjusted  between  the 
limits  of  five  minutes  to  three  hours.  A  small  quantity  of  liquid  at  the 
bottom  of  the  reading  tube  serves  to  mark  the  zero  reading  when  no  current 
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is  passing.  The"  height  of  the  liquid  in  the  vessel  is  such  that  it  overflows 
into  the  reading  tube  as  soon  as  any  tilting  occurs.  The  tube  is  mounted  on 
a  pivoted  zinc  plate,  and  can  be  accurately  set  to  zero  by  means  of  an  adjust- 
ing counterweight. 

Two  springs  are  .also  provided  to  take  up  the  shock  of  the  sudden  impetus 
imparted  to  the  plunger  on  the  passage  of  an  excess  current  due  to  a  short- 
circuit.  Only  a  slight  rise  in  the  reading  is  observed  on  a  short-circuit,  except 
in  the  case  of  those  instruments  which  have  been  made  specially  quick-reading 
for  specific  purposes. 

To  re-set  the  instrument  to  zero  the  tube  carrier  is  turned  counter-clock- 
wise, after  slacking  the  thumb  screw  immediately  above  the  solenoid.  When 
the  tube  has  been  thoroughly  drained,  the  tube  carrier  is  returned  to  its 
original  position,  and  the  screw  is  again  tightened. 

General  Description  of  Two-rate  Meters. — A  double-tariff  or  two-rate 
meter  is  an  ordinary  meter,  suitable  for  either  direct  or  alternating  currents, 
or  both,  and  is  fitted,  in  general,  with  two  integrating  mechanisms  and  a 
change-over  device,  by  means  of  which  the  two  integrating  trains  are 
alternately  connected  to  and  disconnected  from  the  revolviug  armature 
spindle  according  to  the  particular  tariff  in  vogue,  the  interchange  between 
the  spindle  and  either  counter  being  electrically  or  mechanically  eff"ected  by 
means  of  a  time  switch.  The  one  integrating  mechanism  registers  only 
during  the  high-rate  and  the  other  during  the  low-rate  periods,  so  that  the 
energy  consumption  at  each  rate  is  separately  shown.  A  simple  device 
is  also  used  to  indicate  which  counter  is  operating,  and  at  which  tariff.  Two- 
rate  meters,  as  will  be  seen  from  the  above  definition,  may  be  divided  into 
two  classes,  namely,  electrically  and  mechanically  operated  two-rate  meters. 
In  the  former  case  the  meter  and  the  time  switch  form  two  separate  instru- 
ments, and  are  connected  together  by  electrical  means  only,  whereas  in  the 
latter  case  the  time  switch  is  mounted  with  the  meter  on  the  same  base,  and 
mechanically  controls  the  change-over  gear.  In  both  types,  however,  the 
only  modification  introduced  into  the  meter  is  in  connection  with  the 
registering   part. 

The  time  switch,  or,  as  it  is  variously  termed,  change-over  clock,  and 
double-tariff  clock,  is  simply  an  ordinary  clock,  which  at  definite  moments 
changes  either  electrical  contacts,  or  alters  the  position  of  a  mechanical  change- 
over gear.  In  some  cases  the  clock  is  fitted  with  an  electrical,  automatic  self- 
winding arrangement. 

Deutsch-Russische  Tariff  Meters. — A  very  interesting  series  of  tariff 
meters  is  manufactured  by  the  Deutsch-Russische  Elektricitatszahler-Gesell- 
schaft,  Germany.  For  the  ordinary  double-tariff  system,  in  which  the  low  and 
high  rate  units  are  separately  registered  on  two  distinct  counters,  the  com- 
bination used  by  this  company  is  illustrated  diagrammatically  in  Fig.  251, 
and  consists  of  a  time  switch  U,  their  ordinary  meter  Z,  and  a  special  set  of 
test  terminals  P,  mounted  together  on  one  common  slab  G  of  slate  or  marble. 
The  test  terminals  P  are  usually  supplied  with  the  tariff  meters,  as  they  but 
very  slightly  add  to  the  cost  of  the  set  of  apparatus,  and  greatly  facilitate 
testing  in  situ,  and  replacing  the  meter,  if  necessary,  without  interfering  with 
the  current  taken  by  the  particular  installation.  The  meter  proper,  which  in 
the  illustration  given  is  this  company's  special  continuous  current  type,  is 
fitted  with  two  integrating  mechanisms  and  a  change-over  gear,  electrically 
operated  and  controlled  by  the  time  switch.  An  exactly  similar  arrangement 
is  adopted  wuth  their   alternating   current   meter.     The   pawl    S,    which   is 
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actuated  by  the  relay  of  the  meter  proper,  drives,  at  a  speed  proportional  to 
the  rate  of  rotation  of  the  copper  brake  disc,  both  the  spindle  W  of  the 
counting  mechanism  and,  through  this  spindle,  the  connecting  gear  K.  This 
coupling  lever  is  normally  held  by  a  spring  in  the  position  in  which  its  right- 
hand  pinion  gears  with  the  toothed  wheel  of  the  right-hand  integrating  train 
which  registers  the  kilowatt-hours  at  the  ordinary  or  low  tariff,  until  the 
clock  contact  C  U  is  closed.  When  this  takes  place  at  the  commencement  of 
the  high-tariff  period,  the  electro-magnet  r  becomes  energised  and  attracts  its 
armature  Ar,  the  motion  of  which  causes  the  coupling  gear  K  to  become 
disengaged  from  the  right-hand  counter,  which  now  stops,  and  to  gear  with 
the  left-hand  one,  which  is  driven  and  indicates  the  units  consumed  during 
the  tariff  time  set  on  the  clock.  When  this  tariff  time  terminates,  the  right- 
hand  counter  again  becomes  operative.  A  small  coloured  disc  or  indicator 
appears  above  the  figures  on  the  dial,  as  shown  in  the  diagram,  indicating  at 
once  which  counter  is  registering  and  the  tariff  in  vogue,  as  each  dial  is 
separately  marked  to  indicate  the  tariff  at  which  it  registers.  The  time 
switch  U  is  a  hand-wound,  forty-day  pendulum  clock,  and  is  usually  wound  up 
once    every    three    or    four 

weeks    by    the    meter    in-  ^  6^^"!] 

spector    when   he  takes  the  «,•     11  /^.  11  P 

meter  readings.  The  clock 
is  provided  with  a  twenty- 
four  -  hour  dial,  which  is 
divided  into  two  equal  white 
and  black  sections,  to  differ- 
entiate between  tlie  hours 
of  day  and  night.  The 
hour  hand  has  attached  to 
it  the  brush  contacts  to 
make  and  break  the  circuit 
of  the  electro-magnet  ?•  at 
the  commencement  and  ter- 
mination of  the  high-tariff  period,  which  is  set  by  means  of  the  hands 
A  and  E. 

The  tariff  time  can  be  regulated  between  the  limits  of  one  and  twelve 
hours,  and  the  simplest  method  of  setting  it  is  to  adjust  the  hands  A  and  E 
to  the  time  interval,  during  which  the  high  rate  obtains  and  the  left-hand 
counter  is  coupled  to  the  meter  proper,  and  to  turn  the  A-hand  to  the 
starting  time,  when  the  other  hand  travels  round  and  the  adjusted  interval 
remains  fixed. 

The  hour  hand  and  the  limit  hands,  A  and  E,  are  shown  somewhat  more 
in  detail  in  Fig.  252,  and  before  adjusting  the  tariff  period  the  brush  holder 
on  the  hour  hand  is  turned  through  a  right  angle  in  the  direction  of  the  arrow 
a,  so  that,  when  the  hands  A  and  E  are  moved,  the  brushes  are  not  damaged. 

In  contrast  to  the  above,  this  company  also  manufacture  a  mechanically 
operated  two-rate  meter,  which  consists  of  the  meter  proper  in  mechanical 
connection  with  a  time  switch  and  a  double-tariff  integrating  mechanism,  the 
combination  forming  one  complete  instrument,  as  illustrated  in  Fig.  253. 
M  is  the  minute  hand,  A  and  E  are  the  two  hour  dials  for  the  tariff  time,  P 
is  the  stationary  hour  hand,  and  Pj  and  Pg  are  the  tariff  hands,  attached  to 
two  cams,  loosely  pivoted  on  the  axles  of  the  hour  dials.  The  left-hand 
counter  is  for  the  low-tariff  units,  the  right-hand  counter  gives  the  consimip- 
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cion  during  the  high-rate  period,  and  a  red  indicator  shows  which  counter  is 
registering. 

The  operation  of  the  time  switch  and  change-over  gear  will  be  understood 
by  reference  to  Fig.  254.  The  hour  dials  are  driven  from  the  pinion  '  3  '  on 
the  axle  of  the  minute  hand  through  the  pinion  '  5 '  and  the  toothed  wheel  '  4,' 
and  on  the  axles  of  these  dials  are  the  cams  '8,'  held  by  friction.  The 
revolutions  of  the  meter  spindle  are  transferred  to  the  toothed  wheel  '11' 
through  a  worm  and  a  worm-gearing.     The  axle  of  this  wheel  is  pivoted  at 
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'  6,'  and  carries  at  its  ends  the  two  pinions  '  12  '  and  *  13.'  According  to  the 
position  of  the  rocking  bar  '17,'  and  its  arms  '18'  and  '19,'  either  the 
pinion  '12'  is  brought  into  gear  with  the  driving  wheel  of  the  low-rate 
integrating  train  '  14,'  or  the  second  pinion  '  13  '  is  caused  to  mesh  with  the 
driving  wheel  of  the  high-rate  counter  '15.' 

The  lever  '17'  is  pivoted  at  '20,'  and  is  cross-connected  through  the 
bridge-piece  '23'  with  the  second  lever  '21,'  pivoted  at  '22.'  The  toe  '26' 
of  the  lever  '  21 '  is  held  pressed  against  the  cam  '  8 '  of  the  right-hand  dial  E 
(Fig.  253)  by  means  of  a  strong  spring  attached  to  the  bridge-piece  '  25,'  and, 
in  a  similar  manner,  the  toe  '  27 '  of  lever  '  17  '  is  held  against  its  cam,  but  by 
a  weaker  spring.     When  the  toe  '  26 '   of   the   lever    '  21 '   falls   below   the 
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projection  of  the  right-hand  cam  '8,'  the  bridge-piece  '23  '  pushes  the  lever 
'17'  away  from  its  cam,  and  the  low-rate  counter  '14'  will  be  driven  until 
the  high-tariff  period  is  reached.  The  toe  of  the  lever  '  17  '  will  then  engage 
with  its  cam,  and  the  high-rate  counter  '15'  will  become  connected  and  will 
register. 

The  clock  is  set  to 
the  time  of  day  by 
turning  the  knob  of  the 
minute  hand  M  (Fig. 
253)  until  the  correct 
hour  on  the  hour  dial 
A  stands  below  the  fixed 
pointer  P,  and  the 
minute  hand  is  either  at 
or  between  the  minute 
figures  15,  30,  45,  60. 
The  commencement    of 

tariff    time    is    set 

rotating   the    knob 

A    clockwise    until 


the 

by 

on 
the 
the 
the 


hand   P^  points  to 


desired  hour,  and 
termination  of  the 
tariff  interval  is  set  in 
the  same  manner  by 
means  of  the  hand  Pg 
on  E.  As  soon  as  Pj  is 
vertically  below  the 
stationary  hour  hand 
P,  the  right  -  hand 
counter  is  coupled  to 
the  meter  spindle  and 
registers  the  units  taken 
at  the  high  tariff  until 
the  pointer  P^  comes 
into  the  vertical  posi- 
tion, when  the  left-hand 
counter  is  again  driven. 
The  tariff  hands  must 
always  be  rotated  clock- 
wise, and,  to  prevent 
damage  to  the  clock, 
the  knobs,  if  turned  in 
the  contrary  direction, 
slip     without     carrying 

the  hands  with  them.  The  window  in  front  of  the  dial  is  hinged,  so  that  the 
clock  may  be  wound  and  the  hands  set  without  the  necessity  of  removing  the 
meter  cover. 

When  a  uniform  tariff  is  in  vogue  the  clock  can  be  entirely  disconnected 
by  moving  to  the  right  the  lever  '  28 '  (Fig.  254),  whereby  the  escapement  of 
the  clock  is  held  by  means  of  a  light  spring. 

In  connection  with  the  system  of  charging,  the  principle  of  which  is  that 


Fig.  255. 
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a  certain  number  of  units  must  be  consumed  before  a  rebate  is  made,  and 
which  has  already  been  explained  on  page  212,  this  company  use  in  addition 
to  their  meter  a  special  step-tarift'  apparatus.  Fig.  255  represents  their 
D.T.S.  type  of  tariff  meter  for  this  purpose.  In  this  case  the  meter  proper, 
which  in  the  illustration  given  is  their  continuous  current  type,  is  not  in  any 
way  modified,  and  registers  in  the  ordinary  manner  the  total  units  consumed. 
Below  the  meter  is  the  special  step-tariff  apparatus,  which  registers  only  those 
units  which  are  consumed  above  a  certain  load,  about  30-40  per  cent,  of  the 
full  load  capacity  of  the  installation.  The  tarift"  is  fixed  according  to  the 
amount  of  this  consumption.  This  system  can  be  extended  and  several  such 
step- tariff  counting  mechanisms  used  with  the  meter.  In  the  case  of  two 
counting  trains,  the  one  step-tariff  indicator  will  give  the  upper  two-thirds  of 


Fig.  256. 


the  load  limit,  while  the  top  third  of  the  load  limit  will  be  given  on  the 
other,  and  the  meter  proper  will  register  the  total  units  consumed. 

A  diagrammatic  representation  of  the  step- tariff  apparatus  is  given  in  Fig. 
256  ;  it  consists  of  a  counting  train  Z,  which  is  actuated  by  a  pressure  relay 
P  exactly  similar  to  that  in  the  meter.  These  two  relays  are  connected  in 
series  in  the  pressure  circuit,  so  that  when  current  flows  round  the  meter 
relay,  the  one  in  the  tariff  instrument  is  also  energised.  The  pawl  K 
between  the  relay  armature  and  the  counter  Z  is  made  dependent  upon  a 
heavy  current  electro-magnet  S,  and  it  is  only  when  the  armature  of  the 
latter  has  been  drawn  in  a  certain  amount,  corresponding  to  a  definite  load, 
that  the  pawl  K  is  free  to  move. 

When  this  happens  the  motion  of  the  pressure  relay  is  transferred  to  the 
integrating  train  Z  in  exactly  the  same  way  as  that  in  which  the  meter 
counter  is  actuated,  and  the  kilowatt-hours  consumed  after  the  lower  current 
limit,  say  30  per  cent,  of  the  maximum,  has  been  passed,  are  in  this  way 
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registered  on  the  step-taritF  apparatus.  The  heavy  current  electro-magnet  S 
can  be  adjusted  within  wide  limits  by  turning  a  screw  on  the  left  of  the 
apparatus  by  means  of  a  key  T  supplied  with  the  instrument.  Turning  this 
key  clockwise  retards  the  action  of  the  relay  S,  which  will  now  require  a 
stronger  current  to  actuate  it.  In  the  tariff  system  introduced  at  Halle  by 
A.  Jung,  an  hour  meter  is  used  in  connection  with  the  watt-hour  meter 
instead  of  the  step-tariff  instrument,  and  indicates  the  hours  (not  kilowatt- 
hours)  during  which  the  consumer  uses  current  at  loads  equal  to  at  least 
Dne-half  of  the  maximum  in  regular  daily  use  (see  page  215). 

The  Electrical  Company's  Two-rate  Meters. — The  time  switch  of   the 


Fig.  257. 


Electrical  Company,  Ltd.,  London,  is  illustrated  in  Fig.  257.  It  consists  of 
a  32-day  pendulum  clock,  with  the  whole  of  the  switch  gear  arranged  in  front 
of  the  clock  face.  The  large  dial  A  of  the  clock  proper  is  divided  into  two 
equal  day  and  night  portions,  the  latter  being  coloured  black.  The  actual 
time  is  denoted  by  the  minute  hand  M  and  the  hour  hand  H,  the  latter  com- 
pleting one  revolution  in  twenty-four  hours. 

Above  the  time  dial  is  a  second  smaller  one  B  which  rotates  with  the 
hour  hand,  and  the  tariff  period  is  set  on  this  dial  by  means  of  a  red  hand  R 
and  a  green  hand  G,  affixed  to  two  cams.  These  cams  rotate  with  the  dial  B, 
and  can  be  displaced  relatively  to  it.  In  the  course  of  the  revolution  of  the 
hour  hand,  when  the  latter  indicates  on  the  time  dial  the  hour  at  which  the 
tariff  change  comes  into  effect,  these  cams  break  contact  between  the  springs 
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Fj  and  F^  and  establish  contact  between  Fg  and  Fg ,  or  the  reverse  takes  place. 
The  cam  to  which  the  red  pointer  is  attached  is  set  to  the  commencement  of 
the  tariff  time  on  the  dial  B,  and  the  termination  of  this  interval  is  fixed  by 
the  green  hand  on  the  second  cam.  After  regulating  the  tariff  period  the 
clock  is  set  to  the  time  of  day  in  the  usual  manner.     It  will  be  noticed  that 

the  clock  has  three  spring  con- 


tacts, Fj ,  Fg ,  and  Fg. 

These  three  contacts  are 
necessary  when  the  time  switch 
is  used  to  electrically  control 
a  separate  counting  meclianism 
with  this  company's  oscillating 
continuous  current  meter  for  a 
double-tariff  system,  in  which 
the  meter  proper  registers  the 
total  units  consumed. 

Fig.  258  is  an  illustration 
of  the  combination  of  apparatus 
used  in  this  case.  The  meter 
itself  is  not  modified  in  any 
way,  and  registers  the  total 
consumption.  Between  it  and 
the  time  switch,  mounted  on 
the  top  of  the  slate  or  wood 
base,  is  the  tariff  apparatus, 
consisting  simply  of  a  second 
counting  mechanism  exactly 
similar  to  the  relay  counter, 
characteristic  of  this  meter. 
The  rebate  instrument  is  con- 
nected in  series  with  the  time 
switch  and  in  parallel  with  the 
meter  counter.  It  only  regis- 
ters during  the  high-rate  period 
set  on  the  tariff  clock.  The 
advantage  of  this  system  is 
that  the  consumer  can  at  any 
moment  determine  not  only  the 
whole  amount  of  the  energy 
he  has  taken,  but  also  the 
energy  taken  at  the  high  rate. 

If  this  method  be  employed 
with   any   other   type   of   con- 
.  .  tinuous    current  meter,    or  on 

an  alternating  current  supply 
circuit,  two  meters  have  then  to  be  used,  for  which  the  one  registers  the 
total  and  the  other  the  high-rate  units. 

In  conformity  with  the  general  two-rate  system,  the  Electrical  Company 
also  manufacture  double-tariff  meters  for  either  continuous  or  alternating 
current,  in  which  case  each  meter  is  fitted  with  two  cyclometer  counters  and 
an  electro-magnetic  change-over  gear.  The  same  time  switch  is  used,  but  it 
has  two  contacts  instead  of  three,  and  electrically  controls  the  operation  of 


265 


Fig.  259. 


266 


ELECTRICITY   METERS. 


either  counter  through  the  relay  and  connecting  gear,  by  which  the  one 
counter  revolves  during  the  high-rate  time  and  the  other  when  this  time  has 
been  passed.  The  relay  and  time  switch  are  connected  in  series  across  the 
supply  circuit.  An  illustration  of  this  company's  double-tariff  meter  and 
time  switch  is  also  given  in  Fig.  259. 

The  General  Electric  Company's  Two -rate  Meter. — The  two-rate 
meter  of  the  General  Electric  Company,  U.S.A.,  consists  of  their  ordinary 
Thomson  meter  and  a  controlling  clock  in  a  separate  case,  the  two  being 
electrically  connected,  as  illustrated  in  Fig.  260. 

The  clocks  shown  separately  with  the  cover  off  in  Fig.  261,  is  auto- 
matically wound  by  means  of  small  dry  batteries  contained  in  the  same  case. 


Fig.  260. 


The  clock  has  the  hours  from  1  to  12  for  the  day  and  night  engraved  on 
a  metal  plate.  Above  this  plate  are  two  pointers,  by  means  of  which  the 
time  for  the  change  from  each  tariff  to  the  other  is  set  as  in  an  alarm  clock. 
The  operation  of  the  device  is  very  simple.  During  the  normal  period  of 
high  tarifi*  the  armature  of  the  meter  rotates  at  full  speed,  corresponding, 
of  course,  to  the  main  current  flowing,  and  the  full  amount  of  the  energy 
delivered  is  registered.  At  the  hour  when  the  predetermined  low  tarifl' 
comes  into  effect,  the  clock  automatically  inserts  in  the  armature  circuit  an 
additional  resistance  mounted  with  it.  This  resistance  is  so  proportioned 
that  the  moving  element  of  the  meter  will  now  rotate  more  slowly  than  it 
ordinarily  would,  and  at  a  speed  reduced  in  the  ratio  of  the  low  to  the  high 
tariff,  e.g.  if  the  ratio  of  the  low  tariff  to  the  high  tariff  be  J,  then  the  speed 
will  be  one-half  what  it  otherwise  would  be.     The  low  speed  will  continue 
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until  the  end  of  the  low-tariff  period,  when  the  clock  automatically  cuts  out 
the  resistance,  and  the  meter  then  registers  at  its  normal  rate  as  before. 

The  meter  has  only  one  dial,  and  this  dial  always  shows  the  number  of 
units  chargeable  at  the  established,  or  high,  tariff.  It,  therefore,  does  not 
record  the  true  amount  of  the  energy  taken  during  both  periods. 

It  is  interesting  to  note  here  that  the  meter  is  an  actual  two-rate  m^ter, 
rotating,  as  explained,  at  two  different  speeds,  depending  upon  the  particular 
tariff  in  vogue.  It  may  be  used  on  either  direct  or  alternating  current 
circuits,  interchangeably,  and  whatever  the  frequency  of  the  alternating 
current.  It  is,  further,  independent  of  whether  the  circuits  are  shut  down 
for  a  portion  of  the  time  or  not.  The  rotation  of  the  meter  can  be  checked 
by  observing  the  revolutions  of  the  brake  disc,  visible  through  the  window- 
provided  for  this  purpose  in 
the  meter  cover,  so  that  the 
change  of  speed  from  one 
rate  to  the  other  may  be 
verified. 

The  estimate  of  the 
amount  chargeable  to  a 
customer  for  the  energy 
supplied  is  readily  and 
simply  calculated.  The  dif- 
ference between  the  two 
meter  readings,  taken  at  the 
commencement  and  the  end 
of  a  quarter,  gives  the  units 
to  be  charged  for  at  the  high 
rate.  The  number  of  units 
multiplied  by  the  high-rate 
charge  will,  therefore,  repre- 
sent the  amount  of  the  con- 
sumer's bill. 

This  can  be  easily  shown 
as  follows  : — 

Let  n^  denote  the  actual 
number  of  units  consumed 
during  the  high -tariff  periods 

of  a  quarter;  n.^  denote  the  actual  number  of  units  consumed  during 
the  low-tariff  periods  of  the  same  quarter;  N  denote  the  total  number  of 
units  registered  by  the  two-rate  meter  in  this  time  ;  w,  denote  the  number  of 
these  units    registered    by    the    meter   during   the 


Fig.  261. 


quarter;  Cj  denote  the  high-tariff  charge  per  unit 
charge  per  unit ;  A  denote  the  amount  of  the  bill. 


low-rate    periods   of   the 
Co  denote  the  low-tariff 


Then 


.  .         .       (i) 

'     c^       - 

Also  N  =  Wj  -H  % (ii) 

Since  the  meter  runs  during  the  low-tariff  periods  at  a  speed  reduced  in  the 
ratio  of  the  low  to  the  high  tariff, 

n.=  ^^n. (iii) 
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From  (ii)  and  (iii)  it  follows  that 

N  =  7ii  +  ^.ri2, 
and,  therefore,  inserting  this  in  (i), 

Hence  the  cost  of  the  energy  chargeable  to  the  consumer  is  the  product  of 
the  units,  as  registered  on  the  dial,  multiplied  by  the  established  or  high  rate 
per  unit. 

The  Hookham  Two-rate  Meter  is  the  ordinary  continuous,  or  alternating, 


HOOKHAWS  "PATEJ^T.  .METER 

V        '     FOR      'c.'  't    ■ 

CONTIGUOUS    CURl^ENTS 


Fig.  262. 


current  meter,  modified  as  regards  the  integrating  mechanism  only,  and  is 
used  in  connection  with  a  time  switch.  Fig.  262  is  a  front  view  of  the 
instrument  for  continuous  currents.  In  either  case  it  is  fitted  with  two  sets 
of  dials,  the  lower  one  of  which  registers  the  ordinary,  or  low-tarifF,  units,  and 
the  upper  one  the  units  consumed  at  the  high  rate  of  charge.  A  small  index 
finger  indicates  by  its  position  on  the  face  of  the  dials  which  set  is  in 
operation,  and  the  nature  of  the  tariff.  The  change-over  from  the  lower  to 
the  upper  dials  is  made  electrically  by  means  of  a  solenoid,  controlled  by  a 
time  switch,  the  solenoid  being  placed  as  a  shunt  direct  across  the  supply 
mains. 

It    will   be    seen   from    what   follows  that  this  shunt  circuit  only    takes 
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current  during  the  time  when  the  high  rate  is  effective,  so  that  the  energy 
loss  due  to  it  is  small.  The  general  arrangement  of  the  solenoid  and  change- 
over gear  is  clearly  depicted  in  Fig.  263,  which  gives  a  diagrammatic  represen- 
tation of  the  meter.     The  solenoid  L  is  contained  in  a  small  box  K,  which  is 


Fig.  263. 


fixed  to  the  meter  case,  and  its  core  M  is  suspended  within  the  coil  by  the 
spring  M'.  At  its  lower  end  the  core  carries  the  U-shaped  iron  strip  N,  by 
means  of  which  it  is  attached  to  the  rocking  bar  G.  This  bar  G  is  pivoted 
at  H,  and  carries  the  driving  wheel  F,  which  is  always  in  gear  with  the  wheel 
E,  and,  according  to  the  position  of  the  beam,  meshes  either  with  Vae  first 
motion  wheel  I'  of  the  lower  integrating  train,  or  with  the  first  motion  wheel 
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I  of  the  upper  set  of  dials.  The  armature  revolutions  are  conveyed  in  the 
ordinary  manner  from  the  worm  on  the  armature  spindle  A  to  the  horizontal 
wheel  B,  and  through  the  worm  on  the  spindle  of  the  latter  to  the  pinion  D  by 
means  of  a  second  wheel  and  pinion  not  shown  in  the  diagram.  The  pinion  D 
drives,  through  the  wheels  E  and  F,  either  the  top  or  bottom  registering  train. 
The  beam  G  also  carries  the  counterweight  G'  and  the  index  pointer,  and  its 
motion  is  limited  by  the  stops  H'H'. 

During  the  low-rate  periods  no  current  flows  through  the  solenoid,  and  the 
tension  of  the  spring  and  the  weights  of  the  core  and  of  the  counterbalance 


Fig.  264. 


are  so  adjusted  that  the  beam  throughout  this  time  rests  against  the  lower 
stop  H'.  In  this  manner  the  wheel  F  meshes  with  I',  and  the  revolutions  of 
the  meter  are  transferred  to  the  lower  set  of  dials,  and  the  low-rate  units  are 
registered.  When  the  high-tariff  time  commences,  the  time  switch  closes  the 
solenoid  circuit,  the  core  is  sucked  up  into  the  solenoid  and  held  there,  and 
causes  the  driving  wheel  to  engage  with  the  first  motion  wheel  I  of  the  upper 
dials,  which  then  register  the  units  consumed  at  the  high  rate.  This  con- 
tinues until  the  termination  of  the  high-rate  period,  when  the  shunt  circuit 
is  opened  and  the  rocking  arm  falls  by  gravity  back  to  its  original  position,  so 
that  the  driving  wheel  is  again  in  mesh  with  the  low-rate  dials. 

Siemens-Schuckert  Double-tariff  Meter. — In  Fig.  264  is  given  a  view  of 
the  Siemens-Schuckert  three-phase  meter,  type  F.U.,  adapted  to  double-tariff 
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purposes.  The  meter  differs  only  from  the  ordinary  type,  described  on 
page  203,  in  having  two  sets  of  counting  mechanisms  and  a  change-over 
gear,  actuated  by  a  double  electro-magnet,  which,  in  turn,  is  controlled  by  a 
time  switch.  The  one  counter  registers  the  units  at  the  low  rate  and  the 
other  at  the  high  rate  of  charge,  and  the  connection  between  the  meter 
spindle  and  either  train  of  wheels  is  made  by  the  change-over  device.  This 
latter  is,  of  course,  applicable  to  any  of  the  type  of  continuous  and  alternat- 
ing current  meters  manufactured 
by  this  company.  A  pointer  on 
the  front  of  the  dial  face  very 
clearly  indicates  by  its  position 
which  counter  is  registering,  and 
at  which  tariff.  The  time  switch 
is  separately  illustrated  in  Fig. 
265,  and  is  a  pendulum  clock, 
fitted  with  an  electrical  self-winding- 
gear.  The  method  of  operation  will 
be  readily  followed  by  reference 
to  these  illustrations  and  to  the 
diagrams  in  Figs.  266  and  267, 
of  which  the  former  is  a  diagram- 
matic representation  of  the  change- 
over contacts  of  the  clock,  and  the 
latter  a  diagram  of  connections 
for  a  two- wire  continuous-current 
double-tariff  meter.  The  dial  of 
the  clock  is  furnished  with  two 
sets  of  holes ;  those  in  the  outer 
circle  are  for  setting  the  com- 
mencement and  those  in  the  inner 
circle  for  setting  the  end  of  the 
tariff  period,  by  means  of  two 
milled  -  headed,  change-over  pins 
inserted  in  them. 

At  the  right-hand  end  of  the 
edge  of  the  base  of  the  clock  is  a 
stationary  red  pointer  (not  shown 
in  the  illustrations),  to  which  the 
clock  is  set  to  the  actual  time  by 
rotating  the  time  dial  in  a  clock- 
wise direction.  When  the  clock  is 
going  the  dial  rotates,  and  with  it 
the  milled-headed,  change-over  pins, 

and  these  in  turn  come  into  contact  with  a  small  lever  K  (Fig  266)  on  the 
axle  of  the  change-over  lever  U,  which  is  moved  either  to  the  right  or  to  the 
left.  The  two  arms  of  this  lever  U  each  carry  a  small  half-round  pin.  As 
either  arm  of  the  change-over  lever  U  impinges  against  the  contact  balance 
lever  W,  its  half-  round  pin  first  strikes  against  and  slides  on  the  fiat  ebonite 
surface  a  6  of  the  balance  lever  W,  and  after  a  short  interval  makes  contact 
with  a  metal  strip  on  the  balance  lever,  and  closes  the  circuit  of  one  or  other 
of  the  electro-magnets  of  the  counting  trains  of  the  meter.  The  pin  then 
breaks  contact,  and  continues  sliding  for  a  short  time  on  the  curved  surface 
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of  the  balance  lever,  tilting  it  until  it  is  rapidly  drawn  over  to  the  other  side 
by  means  of  a  spring.  The  counter,  which  by  this  operation  has  been 
brought  into  gear  with  the  meter  spindle,  registers  until  the  second  electro- 
magnet is  enere:ised  in  a  similar  manner.     The  meter  is  thus  made  to  drive 


one  or  other  of  the  two  counters  according  to  the  setting  of  the  clock,  and  it 
will  be  seen  that  the  electro-magnets,  through  the  agency  of  which  this  result 
is  effected,  are  only  energised  for  a  short  time  in  this  way,  so  that  they  do  not 
take  current  continuously. 

The  time  switches  are  so  arranged  that,  when  they  have  been  uninter- 
ruptedly connected  to  the  supply  for  four  to  six  days,  they  will  keep  going  for 
twenty  to  thirty  hours  after  the  pressure 
circuits  have  been  disconnected.  If  they 
be  then  again  placed  in  circuit,  the  clock 
spring  will  be  re-wound  automatically 
by  the  electric  winding  gear  of  the 
clock.  If,  however,  the  interruption  of 
the  supply  be  of  such  a  duration  that 
the  clock  finally  stops,  it  must  be  re- 
started by  hand  by  pressing  downwards 
the  winding  lever  A  (Fig.  266)  about 
twenty  times,  each  time   allowing   it   to 


Fig.  266. 


Fig.  267. 


return  to  its  initial  position,  when  the  pendulum  is  set  swinging.  The 
winding  lever  A  is  not  used  to  re-start  the  clock  if  it  has  stopped  through 
any  cause  other  than  a  long  interruption  of  the  circuit. 

Referring  to  the  diagram  of  connections  (Fig.  267),  E  is  the  electric  motor 
which  winds  up  the  clock,  U  is  the  change-over  lever,  and  W  is  the  contact 
arm  of  the  time  switch.  R  is  the  double  relay  which  actuates  the  counters  of 
the  meter,  which  in  the  diagram  represents  the  continuous  current  type. 

Fig.  268  represents  a  modified  form  of  the  time  switch  with  electrical  self- 
winding gear,  and  Fig.  269  is  the  hand-wound  double-tariff  clock  manu- 
factured by  this  company. 

The  Aron  Two-rate  Meter  is  a  combination  of  an  ordinary  clock  with  an 
Aron  meter,  differing  in  no  particular  detail  from  the  usual  type. 
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The  two  instruments  are  in  mechanical  connection  with  one  another,  and 
are  mounted  together  in  one  case,  as  iUustrated  in  Fig.  270.  The  meter 
proper  is  furnished  with  two  sets  of  dials,  and  a  change-over  gear  fitted  to 
them.  By  means  of  this  gear,  either  the  top  or  l)ottom  set  of  counters 
will  register  according  to  the  setting  of  the  clock.  The  one  set  usually 
denotes  the  consumption  during  the  evening-rate  periods  and  the  other  that 


Fig.  268. 


Fig.  269. 


during  the  day,  when  the  lower  tariff  is  in  vogue.  The  total  amounts  of  the 
energy  delivered  on  each  tariff  are  thus  separately  recorded,  and  the  consumer 
can  readily  check  the  figures  for  himself.  An  indicator  is  also  provided  on 
the  meter  (seen  in  Fig.  270),  and  shows  which  set  of  dials  is  in  use,  and  the 
whole  arrangement  is  clearly  visible  through  the  Avindows.  To  the  left  of  the 
meter  (Fig.  270)  will  be  seen  the  tariff  clock.  It  operates  the  change-over 
gear  on  the  meter  dials.  At  the  hour  when  the  high  tariff  comes  into  effect 
it  disengages  the  day-rate  counting  train  from  the  main  driving  aiile  of 
the    meter,  and   brings  the  latter  into  gear  with  the  evening-rate  counter; 
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at  the  hour  when  the  evening  rate  ceases,  it  restores  connection  with  the  low- 
rate  counter  and  disconnects  the  other  set.  The  clock  is  electrically  wound, 
but  is  not  electrically  connected  with  the  meter  proper.  The  face  of  the 
clock  has  five  sets  of  dials,  shown  in  Fig.  271.  The  centre  dial  is  an 
ordinary  twelve-hour  dial.  The  top  left-hand  one  has  twenty-four  divisions 
and  revolves  once  in  twenty-four  hours,  indicating  whether  the  hours  are  those 
of  the  day  or  night.  The  right-hand  one  indicates  seconds,  and  is  for  the 
purpose  of  facilitating  the  regulation  of  a  number  of  these  clocks. 

The  two  bottom  dials  are  for  setting  the  tariff  time.  They  have  twenty- 
four  divisions  marked  on  them,  and  give,  the  hours  for  day  and  night 
respectively.     The  pointers  of   these   dials   can   be   revolved   in   a   counter- 


FiG.  270. 


clockwise  direction,  and  so  set  at  any  time  by  hand,  the  one  on  the  left  dial 
generally  denoting  the  beginning  and  that  on  the  right  dial  the  end  of  the 
high-rate  period.  The  night  and  day  hours  are  distinguished  by  the  black 
and  white  markings  on  the  dial  centres. 

The  Double-tariff  Meters  of  the  Compagnie  pour  la  Fabrication  des 
Compteurs,  Paris,  consist  of  their  ordinary  Thomson,  O'K.,  and  A.C.T. 
meters,  each  of  which  is  fitted  with  a  double-train  gear,  and  is  mechanically 
combined  with  a  change-over  clock  situated  at  the  top  of  the  instrument. 

In  Fig.  272  is  a  view  of  this  company's  continuous  current  meter,  type  A, 
arranged  in  this  manner  for  double-tariff  purposes,  very  clearly  showing  the 
clock  and  the  two  dials,  of  which  the  one  registers  the  low  and  the  other  the 
high  rate  units.  These  dials  are  differently  coloured  to  distinguish  between 
the  tariffs,  and  a  suitable  indicator  shows  which  dial  is  registering. 
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Figs.  273  and  274  are  respectively  a  front  and  side  elevation  of  their 
A.C.T.  double-tariff  meter,  giving  more  in  detail  the  construction  of  the  clock 
and  the  change-over  gear. 

The  clock,  when  fully  wound,  will  run  for  thirty-two  hours,  and  has  two 
dials,  of  which  the  outer  one  A  is  fixed,  and  the  centre  one  B  is  rotated  by  the 
clock  mechanism  once  in  every  twenty-four  hours.  The  night  portions  of  the 
dials  from  6  o'clock  p.m.  to  6  o'clock  a.m.  are  coloured  black,  and  half-  and 
quarter-hour  subdivisions  are  marked  on  them.  The  hour  hand  E  is  fixed 
on  the  centre  dial  B  by  the  two  brass  knobs  F  and  F';  it  indicates  at  every 
moment  on  the  outer  dial  A  the  actual  time.     The  tariff  time  is  set  on  B  by 


Fig.  271. 


Fig.  272. 


means  of  the  two  levers  L  and  L',  situated  in  the  annular  space  between  the 
two  dials. 

They  are  lightly  pivoted  on  the  centre  axle  C  of  the  clockwork  and  rotate 
with  the  dial  B,  their  position  relatively  to  which  can  be  altered  at  will  to 
make  any  change  In  the  tariff  period. 

At  the  instant  when  the  hour  hand  E  passes  the  time  on  the  outer  circle  A 
corresponding  to  the  appointed  hour  for  the  change  in  the  tariff,  as  indicated 
on  B  by  one  or  other  of  the  levers  L  and  L',  the  heel  of  this  lever  impinges 
with  its  inclined  surface  on  the  knob  S  carried  on  the  top  of  the  stirrup  P. 
This  stirrup,  together  with  the  rocking  bar  G,  is  pivoted  on  the  horizontal  axle 
at  D.  A  horizontal  pin  D',  between  D  and  S  and  passing  through  the  forked 
end  of  the  bar  G,  rigidly  connects  the  latter  with  the  stirrup.     Two  springs  R 
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and   R',  both  of  which  are  visible    in    Fig.   275,   are   attached    at   the  one 


Fig.  274. 


end  to  P,  above  the  pivot,  and  at  the  other  end  to  D".     The  knob  S  ir.  slowly 
tilted  by  the  heel  of  the  lever  L,  or  L',  and  the  springs  R  and  R'  become 
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stretched,  the  rocking  bar  G  remaining  stationary  until  the  pin  D'  has  crossed 
the  vertical  plane  passing  through  D  and  D".  As  soon  as  this  happens,  the 
springs  suddenly  pull  over  the  stirrup  and  with  it  the  pin  D',  which  causes  the 
rocking  bar  G  to  rapidly  slide  the  two  pinions  at  K  along  the  spindle  J, 
which  is  driven  by  the  main  meter  axle.  One  or  other  of  the  pinions  is  thus 
caused  to  gear  with  a  corresponding  ratio  wheel  of  one  of  the  two  integrating 
trains,  and  this  counter  will  now  register.  When  the  hand  E  approaches  the 
other  limit  of  the  tariff  period,  exactly  the  same  action  ensues;  the  other 
counting  train  will  revolve,  and  the  previously  operative  one  will  be  dis- 
engaged from  the  meter  proper. 


Fig.  275. 


A  very  rapid  and  reliable  change-over  is  effected  in  this  manner. 

This  company  also  use  a  time  switch  to  control  either  two  meters  or  two 
groups  of  meters,  so  that  the  energy  consumption  is  separately  registered 
according  to  the  time  of  day.  The  time  switch  is  shown  in  Figs.  275  and 
276,  and  its  action  and  clock  mechanism  are  exactly  the  same  as  in  the 
description  just  given.  Instead,  however,  of  operating  upon  a  mechanical 
change-over  gear,  the  clock  actuates  a  two-way  switch,  the  rocking  bar  G  now 
taking  the  place  of  a  switch  contact-arm.  This  copper  arm  G  has  a  silver 
contact  at  its  lower  end,  with  which  it  bears  on  one  or  other  of  two  silver 
contact  studs,  according  to  the  direction  in  which  it  is  moved.  These  two 
studs  are  connected  to  the  terminals  g  and  d  of  the  time  switch,  and  the 
terminal  m  is  joined  to  G. 
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Above  the  studs  are  two  small  silver  strips,  which  make  a  spring  connection 
between  the  studs  and  the  switch  arm  to  ensure  good  contact  and  to  avoid 
sparking. 

The  connection  between  the  time  switch  and  the  meters  w^hich  it  controls  is 
made  by  joining  the  shunt  terminals  of  the  meters  of  the  one  group  and  those 
of  the  other  set  to  the  terminals  g  and  d  respectively,  the  middle  terminal  m 
being  connected  to  that  supply  main  which  does  not  pass  through  the  meters. 
If  the  contact  arm  be  on  one  of  the  studs,  say  that  one  connected  to  the 
terminal  g  of  the  time  switch,  the  meters,  the  shunts  of  which  are  connected 
to  g,  will  register,  and  those  connected  to  d  will  stop,  as  their  shunt  circuits 

will  be  broken.  When  the  arm 
passes  to  the  other  contact  stud, 
it  will  open  the  shunt  circuits 
of  the  meters  which  have  just 
been  registering,  and  will  close 
the  circuits  of  those  which  have 
now  to  operate. 

The    Bat    Meter    Company, 


Fig.  276. 


Fig.  277. 


the  British  Thomson-Houston  Company,  and  the  Danubia  Actiengesellschaft, 
Vienna,  use  exactly  the  same  mechanical  combination  in  connection  with 
their  two-rate  meters,  and  the  time  switch  for  electrically  operating  two 
systems  of  meters. 

Luxsche  Industriewerke  Double-tariff  Meter. — For  a  two-rate  system  in 
which  the  high-rate  and  the  low-rate  units  are  separately  registered,  the 
Luxsche  Industriewerke,  Munich,  manufacture  a  special  double-tariff  instru- 
ment, which  is  used  in  electrical  connection  with  any  type  of  motor  meter. 
This  two-rate  instrument  is  illustrated  in  Fig.  277,  and  consists  of  two 
integrating  counters,  an  electro-magnetic  relay,  which  actuates  a  driving 
pinion  or  train  of  wheels,  and  a  time  switch,  by  means  of  which  the  pinion  or 
train  is  caused  to  gear  alternately  with  one  or  other  of  the  two  counters, 
according  to  the  tariff  in  vogue.     To  adapt  the  meter  proper  for  use  with  the 
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apparatus,  it  is  only  necessary  to  provide  the  armature  spindles  with  a  non- 
sparking  contact  device,  and  to  remove  the  ordinary  counting  train. 

The  method  of  operation  is  very  simple.  Each  time  the  meter  has 
executed  a  definite  number  of  revolutions  the  contact  maker  is  closed,  when 
the  relay  becomes  energised  and  actuates  the  integrating  counter  to  which 
it  happens  to  be  connected.  In  this  manner  the  revolutions  of  the  armature 
spindle  are  conveyed  to  one  or  other  of  the  two  integrating  mechanisms  and 


Fig.  278. 


the  units  registered.  The  contact  maker  is  closed  for  a  very  short  interval 
only,  when  it  is  again  broken,  so  that  the  energy  consumption  is  small.  The 
interchange  between  the  relay  mechanism  and  either  counter  is  effected 
mechanically  by  the  time  switch,  which  is  arranged  either  as  a  hand-wound 
45-day  clock,  or  is  fitted  w^ith  an  electrical,  self-winding  gear. 

Referring  to  Fig.  277,  P^  and  Pg  are  the  two  tariff  pointers,  which  rotate 

with  the  central  dial,  but  can 
be  moved  relatively  to  it  for 
setting  the  commencement  and 
termination  of  the  special  tariff 
time.  P  is  the  stationary  hand 
for  reading  the  time  of  day,  and 
the  clock  is  set  by  rotating  the 
dial  until  the  correct  time  ap- 
pears opposite  the  pointer. 

Hour  Meters.  —  An  hour 
meter  consists  simply  of  an 
ordinary  hand-wound,  balance- 
wheel  clock,  the  function  of 
which  is  to  register  on  a  dial 
the  hours  during  which  current 
flows  in  an  installation  to  which  it  is  connected,  irrespective  of  the  magnitude 
and  variation  of  the  current  or  voltage.  The  escapement  of  the  clockwork 
is  held  either  mechanically  or  electrically  until  the  passage  of  a  current, 
when  it  is  freed,  and  the  clock  will  then  go  in  the  ordinary  manner  until  the 
current  is  interrupted,  when  it  again  stops. 

Fig.  278  is  a  diagrammatic  representation  of  a  mechanically  controlled 
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hour  meter,  the  diagram  on  the  left  showing  the  escapement  prevented  from 
going  when  the  switch  is  off,  that  on  the  right  showing  the  switch  closed  and 
the  balance-Avheel  free  to  move. 

In  an  hour  meter  with  electrical  control  the  balance-wheel  is,  in  general, 


Fig.  280. 

arrested  and  freed  by  the  action  of  an  electro-magnet,  and  in  such  a  manner 
that  the  clock  only  goes  when  the  electro-magnet  is  energised  by  the  passage 
of  a  current. 

The    electro-magnet  is  either  series-wound  or  shunt-wound.     The  series- 
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wound  electro-magnetic  type  is  usually  used  for   lighting   circuits,  and  the 
method  employed  is  shown  in  a  general  manner  in  diagram  (Fig.  279). 

Fig.  280  represents  diagrammatically  the  shunt-wound  electro-magnetic 
hour  meter,  showing  also  the  conditions  which  obtain  with  the  mo\.or  shut 
down  and  working.     An  external  view  of  the  Electrical  Company's  electro- 
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magnetic  type  of  hour  meter  is  given  in  Fig.  281,  and,  in  general,  a  ratio 
of  1:10  is  employed  between  the  starting  current  and  the  maximum  of 
the  installation;  that  is,  in  a  5-ampere  circuit  the  clockwork  of  the  hour 
meter  will  be  released  on  the  passage  of  a  current  of  0*5  ampere.  The  start- 
ing current  can,  of  course,  be  made  smaller  if  necessary. 

In  some  instances  the  clockwork  is  driven  direct  by  the  current,  in  which 
case  the  hour  meter  is  alw^ays  furnished  with  a  pressure  winding. 

To  eliminate  the  effect  of  hysteresis,  the  Deutsch-Russische  Elektri- 
citatszahler-Gesellschaft,  Germany,  use  a  spring  attachment  with  the  electro- 
magnet controlling  the  hour  meter.     The  principle  will   be   understood   by 
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Fig.  283. 

reference  to  Fig.  282.  A  small  spring  is  interposed  about  midway  between 
the  extreme  position  of  the  armature  of  the  electro-magnet  and  the  latter. 
This  ensures  the  prompt  release  of  the  armature  when  the  current  falls  to  a 
certain  value  which  it  had  when  the  electro-magnet  first  attracted  it.  Sup- 
posing that  this  attraction  takes  place  when  the  current  is  2  amperes,  no 
further  motion  of  the  armature  will  ensue  with  an  increasing  current.  When, 
however,  the  current  again  drops  to  2  amperes,  the  armature  will  not 
necessarily  be  released,  owing  to  the  effect  of  hysteresis,  in  consequence  of 
which  the  force  exerted  by  the  electro-magnet  does  not  drop  off  proportionately 
with  the  decreasing  current.  To  prevent  any  uncertainty  of  action  due  to 
this  cause,  the  tension  of  this  spring  is  so  adjusted  that  the  counter-force  it 
exerts  just  balances  the  hysteresis  eftect,  so  that  with  decreasing  current  the 
armature  will  be  released  when  the  current  has  fallen  to  the  initial  value  at 
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which  the  magnet  with  increasing  current  attracted  it.  Fig.  283  illustrates 
the  method  of  applying  this  principle  to  their  three-wire  hour  meter.  The 
escapement  18  of  the  clock  is  normally  held  by  means  of  a  light  hairspring 
16  attached  to  the  lever  13,  w^hich,  in  turn,  is  pivoted  on  the  axle  12  of  the 
armature  11  of  the  electro-magnet.  When  the  coils  9  of  the  electro-magnet 
are  energised  on  the  passage  of  a  current,  the  lever  13  frees  the  escapement, 
due  to  the  attraction  of  the  armature  by  the  electro-magnet,  and  slightly 
compresses  the  spring  2 1 .  The  clock  can  now  go,  and  the  hours  are  registered 
during  which  current  is  taken.  When  the  current  drops  to  its  initial  value 
at  which  the  armature  with  an  increasing  current  was  attracted,  the  spring 
21  comes  into  play,  the  armature  is  at  once  released,  and  the  clock  again 
stops. 


CHAPTEK  XIII. 
SOME  MECHANICAL  FEATITEES  IN  METER  DESIGN. 

General  Mechanical  Design — Shafts  and  Pivots — Pivot  of  Meter  of  General  Electric  Co., 
U.S.A.  — Spindle  and  Pivot  of  A.C.T.  Meter— Detachable  Armature  Shaft  and  Pivot 
of  Duncan  Meter — Meter  Bearings — Ball  Bearing  of  Electrical  Company's  Meters — Ball 
Bearing  of  ScheefFer  Meter— Ball  Bearing  of  Westinghouse  Meter — Jewel  Bearing  of 
Thomson  Meters — Bearing  and  Combined  Locking  Device  of  Siemens-Schuckert  Metere 
— Duncan  *  Visual '  Bearing — Stanley  Magnetic  Suspension — Stanley  Rotated  Jewel 
Bearing — Evershed  Magnetic  Suspension — Upper  Bearing — Integrating  Mechanisms — 
Dial  Register — Cyclometer  Counter  —  Aron  Spring  Cyclometer  Counter — Siemens- 
Schuckert  Weight  Cyclometer  Counter. 

General  Mechanical  Design.  —  The  suitability  of  an  electricity  supply 
meter  to  act  as  a  commercial  measuring  instrument  depends  both  on  its 
electrical  and  mechanical  design,  and,  in  general,  the  mechanical  features  are 
quite  as  important  as  the  electrical  details  of  the  meter.  The  electrical 
design  naturally  varies  with  the  nature  of  the  supply  current,  the  pressure 
of  the  system,  the  system  itself,  the  object  of  the  meter,  i.e.  whether  the 
meter  is  intended  to  function  as  an  ampere-hour  or  watt-hour  meter,  and 
with  the  principle  on  w^hich  it  works,  namely,  the  electrolytic,  the  heating, 
and  the  electro-magnetic  effect  of  a  current.  The  electrical  features  have 
already  been  dealt  with  in  the  preceding  chapters,  in  which  are  included 
descriptions  of  a  large  number  of  various  types  of  supply  meters  in  general  use. 

In  the  present  chapter  a  few  mechanical  features,  mostly  applying  to 
motor  meters,  are  briefly  discussed.  A  meter  should  be  of  simple  and  sound 
mechanical  construction,  to  withstand  ordinary  handling  and  usage,  so  that  it 
does  not  suffer  injury  during  shipment,  railway  transit,  or  in  its  installation. 
It  should,  as  far  as  possible,  retain  its  original  accuracy  over  a  long  period. 
Absolute  permanency  of  calibration  cannot  be  obtained,  as  it  is  impossible  to 
eliminate  friction  entirely,  or  to  prevent  its  gradual  increase  during  the 
operation  of  the  meter  in  house-service.  These  two  important  considerations 
mainly  depend  on  the  mechanical  design.  In  addition,  dust,  insects,  and 
moisture  should  be  rigorously  excluded,  as  otherwise,  whatever  the  merits 
of  the  electrical  design,  the  meter  will  rapidly  deteriorate.  This  last  con- 
dition is,  in  general,  fairly  well  satisfied  in  most  well-designed  meters. 

The  various  elements  of  the  meter  are  fixed  in  a  substantial  case,  or  are 
mounted  on  a  base  plate,  and  are  completely  enclosed  in  a  protecting  cover. 
The  cover  is  either  itself  recessed,  and  the  groove  lined  with  felt,  rubber,  or 
other  suitable  material,  or  the  base  plate  is  provided  with  the  channel  in 
which  the  packing  is  laid,  and  the  two  should  form  together  a  moisture-, 
insect-,  and  dust-proof  joint,  when  the  cover  is  properly  secured  by  the  holding- 
down  screws,  and  sealed. 
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The  meter  is  always  provided  with  two  separate  covers ;  the  one  is  the 
main  meter  cover,  and  the  other  is  to  protect  the  terminal  chamber  and 
to  give  access  to  the  terminals  without  removing  the  main  cover.  They 
are  each  furnished  with  an  efficient  and  independent  sealing  arrangement. 
The  main  cover  has  two  windows,  of  which  the  one  is  for  reading  the  dials, 
and  the  other  enables  the  speed  of  the  meter  to  be  checked  by  observing 
the  revolutions  of  the  brake  disc  on  the  spindle.  In  commutator  motor 
meters  a  third  cover  should  be  provided  to  give  access  to  the  commutator 
and  brushes,  for  the  purpose  of  inspection  and  cleaning. 

In  the  meters  of  the  British  Thomson-Houston  Company,  the  Compagnie 
pour  la  Fabrication  des  Compteurs,  Paris,  and  of  the  Danubia  Actiengesell- 
schaft,  Vienna,  the  commutator  and  brushes  are  situated  at  the  lower  end  of 
the  meter  spindle,  and,  together  with  the  jewel  step-bearing,  are  protected  by 
a  cap,  which  is  secured  to  the  main  cover  by  a  bayonet  catch,  and  is  in- 
dependently sealed.  In  the  Vulcan  meter  the  commutator  and  brushes  are 
arranged  at  the  upper  end  of  the  spindle,  and  are  also  protected  by  a  separate 
cover  in  the  shape  of  a  dome  with  independent  sealing. 

The  Stanley  Instrument  Company,  U.S.A.,  use  an  all-glass  cover  for  the 
meter  proper  in  their  type  H  induction  meters.  A  thick,  strong  glass  cover 
is  secured  to  the  iron  base,  and  sealed  in  the  same  manner  as  the  metal 
cover.  It  is  imbedded  on  a  gasket,  making  an  air-  and  dust-tight  joint.  The 
meter  is  connected  to  the  circuit  without  opening  the  main  cover,  through 
which  all  the  working  parts  are  readily  visible.  Glass  covers  are  also  employed 
by  the  Westinghouse  Electric  and  Manufacturing  Company,  U.S.A.,  who  also 
seal  their  meter,  and  accept  no  responsibility  if  the  seal  be  broken.  The 
Sangamo  Electric  Company,  U.S.A.,  permanently  seal  their  meters,  and  it  is 
not  intended  that  the  cover  should  be  removed  from  the  meter  under  any 
circumstance.  The  cast  aluminium  case  fits  in  a  deep  groove  in  the  cast- 
iron  base,  and  a  cementing  material  is  put  into  this  groove,  sealing  the  case 
and  back  together  watertight.  All  openings  and  joints  are  also  carefully 
sealed.  The  holes  through  which  the  connections  run  from  the  terminal 
chamber  into  the  meter  proper  are  filled  with  rubber  gaskets,  and  the  wood 
block  holding  the  connecting  pieces  presses  a  thick  layer  of  felt  tightly 
against  the  wall  between  it  and  the  interior  of  the  meter.  The  dial  window 
and  observation  window  are  also  sealed,  and  all  holes  drilled  through  the 
back  of  the  meter  to  receive  screws  are  likewise  sealed  with  plaster  of  Paris 
and  stamped,  to  prevent  tampering. 

The  whole  meter  should  be  light,  compact,  and  portable,  to  facilitate 
testing  and  handling.  It  is,  however,  most  important  for  the  cover  and 
case  to  be  strongly  made,  so  that  they  effectually  protect  the  meter  from 
mechanical  damage,  even  if  an  increase  in  the  total  weight  of  the  meter 
should  hereby  be  incurred.  This  fact  was  most  forcibly  brought  home  to  the 
author.  Amongst  many  manufacturers  who  very  courteously  supplied  the 
author  with  meters  for  inspection  and  testing,  Messrs  Ferranti,  Ltd.,  for- 
warded a  sample  of  each  of  their  alternating  and  direct  current  types.  Each 
meter  was  most  carefully  packed  in  a  very  strong  case.  Nevertheless,  the 
box  containing  the  alternating  current  meter  arrived  practically  broken  in 
two  halves,  but  the  meter  itself,  owing  to  its  sound  mechanical  construction, 
was  not  in  the  least  damaged  or  affected.  This  may  have  been  a  case  of 
exceptional  carelessness  on  the  part  of  the  carriers,  and  has  only  been  cited 
to  show  that  such  accidents  can  and  do  happen,  and  to  emphasise  the 
importance  of  a  strong  mechanical  meter.     Continental  meters  difter  in  this 


286  ELECTRICITY    METERS. 

respect  materially  from  English  and  American  meters,  those  manufactured 
on  the  Continent  being  provided  with  covers  of  very  neat  appearance,  but 
they  are,  in  general,  far  too  flimsy. 

The  position  and  arrangement  of  the  terminals  differ  in  different  types, 
and  are,  in  general,  readily  recognisable  from  the  illustrations  accompanying 
the  descriptions  given.  In  a  two-wire  energy  meter  four  terminals  should  be 
used,  i.e.  two  shunt  and  two  main  current  terminals.  The  common  shunt 
and  main  current  terminals  should  be  connected  through  a  small  copper 
bridge  or  hook,  so  that  the  pressure  circuit  of  the  meter  can  be  entirely 
isolated  without  having  to  remove  the  main  cover  or  disturb  any  of  the 
internal  connections  of  the  meter,  to  facilitate  testing,  which  is  especially 
important  when  several  meters  are  tested  in  series.  The  terminals  should 
be  carefully  insulated  from  one  another  by  means  of  non-hygroscopic  and 
fire-proof  insulation,  and  those  of  opposite  polarity  separated  by  mechanical 
division  walls. 

The  method  of  connection  is  also  of  importance,  and  should  be  both 
convenient  and  simple,  so  as  to  avoid  the  possibility  of  mistakes ;  it  should 
be  impossible  in  the  case  of  an  energy  meter  for  the  connections  to  be  so 
made  that  the  pressure  current  flows  through  the  main  circuit  of  the  meter, 
and,  further,  the  design  should  be  such  as  to  preclude  tampering  with  the 
meter  by  unauthorised  persons.  The  method  of  hanging  used  in  the 
British  Thomson-Houston  meters  is  of  interest  in  this  latter  respect.  At  the 
back  of  the  meter  is  a  special  suspension-piece,  by  means  of  which  the  meter 
is  hung  on  a  supporting  screw.  After  the  meter  has  been  levelled,  it  is 
securely  fixed  by  means  of  two  screws,  which  pass  through  holes  in  the  meter 
base,  access  to  which  can  only  be  had  by  removing  the  terminal  cover. 
When  the  meter  has  been  placed  in  position,  connected  to  the  circuit,  and 
sealed,  it  is  impossible  to  change  its  level  without  breaking  the  seals.  If 
this  could  be  done,  as  with  exposed  holding-down  screws,  unless  sealed, 
the  level  could  be  altered  and  the  meter  made  to  run  slow  and  inider- 
register. 

Shafts  and  Pivots. — In  general,  the  meter  shaft  is  made  of  a  light  steel 
spindle,  having  a  detachable  pivot  at  its  lower  end,  which  is  removed  by 
unscrewing  it  from  the  shaft  or  spindle  proper.  The  end  of  the  pivot  is 
highly  polished  and  made  glass-hard,  in  many  instances  being  ball-shaped, 
and  forms  the  actual  bearing  contact  of  the  spindle  with  the  bottom  step- 
bearing.  As  a  rule,  when  the  jewel  of  the  step-bearing  becomes  defective 
and  requires  renewing,  the  pivot  is  also  found  to  be  roughened  or  damaged. 
A  new  pivot  should  be  inserted  in  the  meter  when  a  worn  jewel  is  replaced, 
whether  the  shaft  end  is  damaged  or  not.  It  is  important  that  the  worm 
on  the  spindle  should  not  be  liable  to  rust,  due  to  moisture,  etc.,  and  so 
increase  the  friction  between  the  axle  and  the  integrating  train,  and  in  many 
instances  it  is  made  of  brass. 

Pivot  of  Meter  of  General  Electric  Co.,  U.S.A. — The  General  Electric 
Co.,  U.S.A.,  use  a  brass  pivot  with  a  steel  bearing  surface,  as  it  is  often  found 
that  the  shaft  of  the  meter  becomes  more  or  less  magnetised,  and  with  a  steel 
shaft  end  some  difficulty  is  experienced  in  the  removal  of  a  screwed  pivot. 
The  brass  pivot  has  forced  into  its  one  end  a  small  piece  of  high-grade  piano 
wire,  which  is  hardened  glass-hard  and  highly  polished,  and  forms  the  actual 
bearing  surface  with  the  jewel. 

Spindle  and  Pivot  of  A.C.T.  Meter. — In  the  A.C.T.  meter  the  spindle  is 
of  German  silver  and  a  small  steel  pivot  is  screwed  in  the  lower  end,  and  a 
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steel  pin  forms  the  upper  guide  bearing.  German  silver  is  used  to  prevent 
the  worm  from  rusting. 

Armature  Shaft  and  Detachable  Pivot  of  Duncan  Meter. — The  Duncan 
Electric  Manufacturing  Co.,  U.S.A.,  use  a  hollow,  nickel-steel  spindle  and  a 
detachable  pivot  of  steel  piano  wire,  which  is  not  threaded,  but  is  held  in  the 
lower  end  of  the  spindle  by  magnetic  attraction,  the  meter  shaft  being 
magnetised  for  this  purpose.  This  magnetised  pivot  can  be  removed  from  the 
meter  very  quickly  with  a  pair  of  ordinary  pocket  tweezers.  The  renewal  or 
insertion  of  a  new  pivot  is  further  reduced  to  a  very  simple  operation  in  con- 
nection with  the  special  visual  bearing,  characteristic  of  the  Duncan  meter. 
Some  further  important  improvements  have  been  recently  introduced  by  this 
company  in  connection  with  the  manufacture  of  meter  shafts,  which  are 
made  detachable  in  sections  for  the  purpose  of  quickly  renewing  the  worm, 
commutator,  and  the  armature. 

One  of  these  shafts  is  shown  assembled  in  Fig.  284,  and  the  details  of 
its  component  parts  are  given  in  Fig.  285.  The  sections  screw  into  one 
another  and  are  all  made  to  gauge,  so  that  they  are  quickly  and  readily  re- 
placed. To  facilitate  building  up  or  dismantling  the  shaft,  both  the  worm 
part  W  and  the  commutator  part  C  are  provided  with  knurled  portions,  by 
means  of  which  they  can  be  screwed  into  one  another  and  into  the  main  body 
of  the  shaft  B,  on  which  are  mounted  the  armature  near  its  upper  end,  and 
the  brake  disc  near  its  lower  end.  P  is  the  threadless  bearing  pivot.  In 
the  description  given  of  the  Duncan  meter  in  Chapter  IV.,  the  very  ingenious 
method  of  connection  used  between  the  commutator  and  the  armature  has 
been  explained  and  illustrated.  It  allows  either  the  armature  or  commutator 
to  be  removed  and  a  new  one  to  be  inserted  without  having  to  un-solder  or 
re-solder  any  connections.  By  making  these  parts  detachable  and  inter- 
changeable in  this  manner,  labour  and  time  are  saved  in  effecting  meter 
repairs. 

Meter  Bearings. — Two  methods  of  supporting  the  revolving  element  of  a 
meter  are  in  general  use.  The  shaft  either  runs  in  a  jewelled  step-bearing  or 
a  special  ball  bearing.  A  ball  bearing  does  not  decrease  initial  friction,  all 
other  things  being  equal ;  in  fact,  the  friction  is  higher  than  in  the  case  of  a 
point  pivot  on  a  jewel.  A  ball  bearing,  provided  that  it  is  flexibly  supported, 
is,  however,  preferable  to  the  ordinary  jewel  bearing  with  a  pivot,  as  the 
bearing  friction  is  less  liable  to  change  than  with  the  latter  type. 

Ball  Bearing  of  Electrical  Company's  Meters. — In  Fig.  286  is  illus- 
trated the  ball  bearing  used  by  the  Electrical  Company,  Limited,  London,  in 
their  various  meters.  The  end  of  the  armature  spindle  is  cupped  and  highly 
polished,  and  rests  on  a  small  ball,  which  in  turn  bears  on  the  polished  jewel 
of  the  bearing.  The  bearing,  as  a  whole,  is  flexibly  supported  on  a  stiff  spring, 
which  is  sufficiently  elastic  to  give  under  a  heavy  shock. 

Ball  Bearing  of  Scheeffer  Meter.— A  ball  bearing  is  also  used  to  support 
the  rotating  element  in  the  Scheeffer  meter.  Fig.  287  shows  the  ball 
resting  on  the  jewel  in  the  jewel  screw,  and  by  means  of  Fig.  288  the 
method  will  be  understood  of  locking  the  meter  spindle  for  transit  and  for 
the  purpose  of  inspecting  or  renewing  the  steel  ball  or  the  jewel.  The 
knurled  nut  A  is  screwed  up  until  it  lifts  the  armature  disc  and  locks  it. 
This  secures  both  the  disc  and  shaft.  The  jewel  screw  B  can  then  be  un- 
screwed and  taken  out.  Care  must  be  exercised  in  removing  the  jewel  screw 
to  hold  up  its  point  so  that  the  steel  ball  rests  in  the  cup. 

Ball  Bearing  of  Westinghouse  Meter. — The  cup  and  ball  bearing  in  the 
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Westinghouse   meter  is  also  illustrated  diagrammatically  in  Fig.    289.      A 

1 


Fig.  284. 


Fig.  285. 


highly  polished  steel  ball  -i-  inch  in  diameter  is  used  between  two  sapphire 
cupped^  jewels.     The  lower  jewel  is  mounted  in  the  usual  manner  in  a  jewel 
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screw,  wliile  the  upper  one  is  inverted  and  is  set  in  a  removable  sleeve  on  the 
lower  extremity  of  the  meter  spindle. 

Jewel  Bearing  of  Thomson  Meter. — In  general,  the  jewelled  step-bearing 
used  consists  of  a  highly  polished  and  cupped  sapphire  jewel,  set  in  a  plug, 
which  is  flexibly  supported  by  a  spiral  spring  within  the  jewel  bearing-screw. 
The  strength  of  the  supporting  spring  beneath  the  jewel  plug  in  relation  to 
the  weight  of  the  rotating  element  of  the  meter  is  of  importance  in  the  life  of 
the  jewel.  In  the  A.C.T.  meter  the  spring  just  balances  the  weight  of  the 
armature  disc  and  shaft  with  the  driving  worm.  In  this  case  no  locking 
device  is  used,  and  the  meter  can  be  subjected  to  considerable  shock  without 
damage  being  done  to  the  jewel  or  pivot.     As  a  rule,  an  arrangement  is  fitted 
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Fig.  288. 


to  the  meter  by  means  of  which  the  shaft  with  the  portions  it  supports  is 
lifted  off  the  jewel  for  transit,  and  firmly  clamped  against  the  top  bearing- 
stud.  Jewels  should  invariably  be  spring-seated,  as  they  are  far  less  liable  to 
damage  by  a  shock  or  jar,  due  to  the  pounding  action  of  the  shaft,  than  when 
rigidly  mounted.  Diamonds  are  also  used  by  some  companies  for  large 
capacity  meters  which  have  heavy  moving  elements  and  for  tram-car  work, 
when  the  meter  is  subject  to  considerable  vibration.  Diamond  jewels  are  flat, 
and  are  set  within  a  ring  of  sapphire  stone  to  keep  the  pivot  in  the  centre  of 
the  diamond.  The  general  arrangement  of  the  jewel  bearing  and  locking 
device  used  in  the  Thomson  meters  will  be  readily  understood  from  Fig.  290, 
which  also  shows  the  detachable  spindle  pivot. 

Bearing  and  combined  Locking  Device  of  Siemens-Schuckert  Meter. — 
Fig.  291  is  an  illustration  of  the  excellent  footstep-bearing  and  combined 
locking  device  used  in  the  Siemens-Schuckert  meters.  In  the  figure,  the  shaft 
is  shown  in  the  locked  position  with  the  jewel  screw  lowered.    H  is  a  stationary 

19 


290 


ELECTRICITY    METERS. 


Sapphire 
Jewels. 


-^  Shaft. 


Steel  Ball. 


Jewel  Screw. 


hollow  bearing-post  in  which  the  jewel  screw  L  moves,  and  is  divided  internally 
_^^  into   two    portions,    separated    by    the 

division  ring  R,  on  the  upper  surface  of 
which  rests  a  spiral  supporting  spring. 
The  top  portion  of  the  jewel  screw, 
in  which  is  set  the  sapphire  jewel  S, 
is  completely  covered  by  a  tightly 
fitting  caj)  C,  in  which  is  a  small  hole 
to  allow  the  ball  pivot  of  the  shaft 
to  pass  through,  so  as  to  rest  on  the 
jewel  when  the  meter  is  in  operation. 
The  cap  C  also  forms  a  very  efficient 
oil  chamber,  from  which,  owing  to 
surface  tension,  the  oil  is  unable 
to  escape  during  the  handling  and 
transit  of  the  meter.  B  is  the  clamp- 
ing bush,  by  means  of  which  the 
meter  spindle  is  lifted  out  of  the 
bearing.  It  has  an  internal  thread 
in  which  the  jewel  bearing-screw  works, 
and  at  its  upper  end  it  terminates 
in  a  conical  opening.  This  clamp- 
ing bush  or  sleeve  can,  moreover, 
only  have  a  motion  of  translation,  as  it 
is  prevented  from  turning  by  the  guide- 
pin  P. 

To  clamp  the  meter,  a  screwdriver 
is  inserted  in  the  head  K  of  the  jewel 
screw,  which  is  then  turned  counter- 
clockwise.    The  flange  F  of  the  jewel 

screw,  in  this  position,  rests  against  the  ring  R,  so  that  when  it  is  turned 


>^  ^"^-^    *-r 


Fig.  289. 


Fig.  290. 


counter-clockwise  the  spiral  spring  which  flexibly  supports  the  jewel  screw 
moves  the  clamping  bush  B  in  an  upward  direction.     The  upper  coned  portion 
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of  the  latter  engages  with  the  corresponding  coned  end  of  the  boss  of  the  disc, 
and  the  shaft  is  raised  until  its  upper  end  is  firmly  pressed  into  the  top  guide- 
bearing.  The  revolving  element  is  clamped  in  this  manner.  With  further 
counter-clockwise  turning,  the  jewel  screw  will  unscrew  itself  from  the  sleeve 
B  and  will  descend  until  its  pin  comes  into  contact  with  the  small  set  screw  T 
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in  the  lower  half  of  the  bearing  post  H,  when  further  motion  is  stopped.  To 
completely  remove  the  jewel  screw  for  renewals  or  inspection,  this  set  screw 
must  be  taken  out.  It  will  be  seen  that  only  one  operation  is  necessary  to 
clamp  the  meter  and  to  lower  the  jewel  away  from  the  ball  pivot,  so  that  the 
two  cannot  come  into  contact  through  a  jar  or  blow,  and  consists  in  always 
turning  the  jewel  screw  in  one  direction. 
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When  the  meter  is  to  be  used,  the  spmdle  is  lowered  on  the  jewel  by 
turning  the  jewel  screw  in  the  clockwise  direction ;  it  first  ascends  until  its 
flange  F  bears  against  the  internal  ring  of  the  bearing-post  H,  on  which  the 
sleeve  B  descends  and  with  it  the  spindle,  until  its  pivot  rests  on  the  jewel. 
Access  to  the  bearing  can  be  had  without  removing  the  main  cover  of  the 
meter,  by  removing  the  sealing  screw  from  the  hole  in  the  cover  below  the 
jewel  bearing.  A  screwdriver  can  then  be  inserted  through  this  hole  and  the 
above  operations  carried  out. 

In  Fig.  292  is  a  sectional  drawing  of  the  latest  type  of  Siemens-Schuckert 

footstep-bearing,  differing  in  some  details 
from  the  one  just  described.  The  shaft 
A  has  in  this  case  a  detachable,  threadless 
ball  pivot  Z,  which,  in  the  working  position 
of  the  meter,  rests  on  the  sapphire  jewel  B 
in  the  jew-el  screw  F.  The  top  of  the  jewel 
screw  is  fitted  with  a  small  cap  H,  which 
forms  an  oil  chamber  for  the  ball  pivot,  the 
opening  of  this  chamber  being  just  large 
enough  to  prevent  the  escape  of  any  oil 
through  shocks  or  jars.  The  jewel  screw  F 
works  inside  the  bearing-post  K,  which  is 
secured  to  the  base  of  the  meter  by  the 
lock-nut  M.  E  is  a  movable  sleeve,  within 
the  bearing-post  K.  This  sleeve  is  pressed 
in  the  upward  direction  by  a  spiral  spring  S, 
and  is  prevented  from  turning  by  a  pin  R. 
It  has  a  small  bush  D  attached  to  it,  on 
the  curved  edge  of  which  the  pin  T  of  the 
jewel  screw  F  rolls  on  the  rotation  of  the 
latter.  In  this  manner  the  sleeve  E  is  held 
down  as  long  as  the  armature  is  free  to 
rotate,  when  the  head  of  the  jewel  screw  F 
rests  against  the  bearing-pillar  K. 

The  moving  element  is  locked  by  lower- 
ing the   jewel   screw,  when   the  sleeve   E, 
owing    to    the   pressure   of    the   spring   S, 
rises,    engages   with    the    boss    N    on    the 
shaft   A,  and    forces  the  shaft  against  the 
upper  bearing.     As  soon  as  this  is  accom- 
plished, F  will  descend,  if   turned    further 
in  the  same  direction,  until  it  reaches  the 
in  which  position  it  is  impossible  for  the  shaft  to  press  the  pivot  Z 
jewel   B,  although   the   armature   during   transit  may  be  violently 
It   will   be  observed  that  the  detachable  pivot  must 
On  continuing  to  turn  the  jewel 


Fig.  292. 


stop  U, 
on   the 

thrown  downwards. 

move  with  the  jewel  screw  in  its  descent. 

screw  it  may  be  completely  withdrawn  from  the  meter,  together  with  the 
pivot.  The  advantage  of  this  form  of  construction  is  that  the  jewel  screw  and 
the  pivot  are  simultaneously  taken  out  of  a  meter  without  disturbing  the 
main  cover.  The  pivot  and  jewel  can  be  readily  examined,  and  both  a  new- 
pivot  and  a  new  jewel  screw  can  be  inserted  in  the  meter  without  the  constant 
of  the  meter  being  changed,  and  consequently  a  re-calibration  is  unnecessary, 
as  these  parts  are  accurately  made  to  gauge,  and  are  interchangeable. 
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Duncan  'Visual'  Bearing. — The  visual  bearing  used  by  the  Duncan 
Electric  Manufacturing  Company,  U.S.A.,  represents  a  departure  from  the 
bearings  in  common  use  in  meters.  The  jewel  bearing-post  is  threadless,  and 
can  be  readily  taken  out  and  inserted  again  withont  the  aid  of  a  screwdriver 


Fig.  293. 


Fig.  294. 


or  any  instrument,  and  the  pivot  and  jewel  can  be  examined  during  the 
operation  of  the  meter.  The  construction  of  the  visual  bearing  and  threadless 
jewel  post  in  the  Duncan  meter  is  illustrated  in  Figs.  293,  294,  and  295. 
Fig.  293  is  a  front  view  of  the  bear- 
ing open,  and  Fig.  294  shows  the 
bearing  closed  and  the  jewel  post 
lowered  for  transit,  while  Fig.  295 
is  a  sectional  drawing  giving  the 
details  of  construction.  The  bearing 
is  provided  with  a  collar  '  8 '  on  the 
jewel  guide-post  or  support,  which 
permits  of  an  inspection  of  the  jewel 
and  the  spindle  pivot  during  the 
operation  of  the  meter.  When  this 
collar  is  turned  so  as  to  expose  the 
bearings,  the  detachable  pivot  may 
be  removed  with  a  small  pair  of 
tweezers,  either  through  the  opening 
in  the  collar  or  through  the  jewel 
post-hole  in  the  shelf  of  the  meter. 
The  jewel  post  '12'  is  lield  in 
position  against  the  point  of  the 
spindle    by    a    phosphor-bronze    wire 

spring  '14,'  which  fits  in  the  slot  'e'  provided  in  the  head  of  the  jewel 
post.  The  pivot  '6'  bears  on  the  jewel  '9,'  seated  in  the  plug  '10,'  which 
is  supported  by  the  spring  '11.'  Wlien  the  meter  is  being  transported,  the 
jewel  post  is  lowered  away  from  the  spindle  point,  and  the  wire  spring  is 
placed  in  the  groove  'c?'  in  the  side  of  the  head  of  the  jewel  post.     When 


Fig.  295. 
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installing  the  meter,  the  wire  spring  is  simply  drawn  enough  to  one  side  to 
allow  the  head  of  the  jewel  screw  to  pass  it  and  to  clear  the  groove,  when  the 
jewel  post  is  raised  and  the  spring  again  inserted  in  the  slot  at  the  bottom. 

Before  removing  the  spindle  pivot,  the  jewel  post  should  be  taken  out  to 
give  more  room  in  the  operation.  As  already  mentioned,  the  shaft  is 
magnetised,  and  the  detachable  pivot  is  retained  in  position  by  magnetic 
attraction. 

Stanley  Magnetic  Suspension. — In  the  model  G  induction  meter  of  the 
Stanley  Instrument  Company,  U.S.A.,  the  rotating  system  floats  in  air  by 
means  of  a  magnetic  suspension,  which  is  illustrated  in  Fig.  296. 

The  revolving  parts  consist  of  an  aluminium  disc  and  a  soft  steel 
vertical  shaft,  called  the  suspension  core,  to  which  the  disc  is  secured,  and 
which  also  carries  the  worm  driving  the  dial  train  of  the  meter. 

The  suspension  core  is  magnetically  supported  by  the  permanent  magnet  Y 

which  is  fitted  with  the  steel 
plugs,  or  pole  bushings,  A 
and  B.  Above  the  pole 
bushing  A  is  a  compression 
spring,  between  which  and 
the  bottom  stud  screw  is  a 
fine  steel  wire.  This  wire 
passes  through  the  magnet 
plugs,  and  also  through  the 
central  hole  of  the  suspen- 
sion core.  It  is  made  taut 
by  screwing  up  the  stud 
screw,  and  so  forms  a  perfect 
alignment.  The  suspension 
core  is  slipped  over  the  wire, 
on  which  it  floats,  supported 
by  the  upward  magnetic 
attraction  between  its  ends 
and  the  magnetised  plugs. 

The  lower  end  of  the 
shaft  is  flanged  larger  than 
the  body  of  the  core,  and, 
when  the  suspension  magnet  is  not  in  place,  the  shaft  will  rest  by  gravity  on 
the  surface  of  the  cup  in  the  pole  bushing  B,  but,  due  to  a  difference  in  the 
diameter  of  its  flange  and  the  cup,  it  does  not  touch  the  circumference  of 
the  cup  at  any  point. 

In  this  manner  a  definite  air-space  exists  between  the  periphery  of  the 
flange  and  the  circumference  of  the  cup. 

The  upper  end  of  tlie  core  is  turned  smaller  in  diameter  than  the  body  of 
the  shaft ;  when  inider  the  influence  of  the  magnet,  this  end  is  just  inside 
the  recess  in  the  upper  pole  bushing  A,  otherwise  it  is  just  below  the  edge  of 
this  recess. 

By  means  of  the  predetermined  air-gaps  surrounding  the  ends  of  the  shaft, 
the  magnetic  fluxes  at  the  top  and  bottom  of  the  suspension  core  are 
localised,  and  tlie  position  of  the  shaft  is  perfectly  defined  under  normal 
conditions.  When  the  permanent  magnet  is  placed  in  position,  a  field  is 
established  l^etween  it.  and  the  rotating  shaft  through  the  pole  bushings  A 
and  B,  and  the  whole  revolving  element  is  attracted  upwards. 


Fig.  296. 
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The 'flanged  lower  end  of  the  suspension  core  is  lifted  out  of  contact  with 
the  cup  in  B,  and  the  upper  end  is  just  carried  within  the  recess  in  A. 

The  rotating  element  is  thus  held  in  a  perfectly  defined  position  in  air, 
out  of  rubbing  contact  of  any  kind. 

The  advantage  consists  in  the  reduction  of  bearing  surfaces  and  mechanical 
friction  to  a  minimum  ;  also  an  exact  alignment  is  obtained  by  the  steel  wire, 
and  a  central  axis  many  times  smaller  than  can  be  mechanically  produced 
by  pivots. 
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Fig.  297. 


The  accuracy  of  the  meter  is  thus  independent  of  the  disturbing 
influence  of  friction, 

Stanley  Rotated  Jewel  Bearing. — This  company  also  use  a  very  novel 
jewel  bearing  in  their  latest  type  of  jewel  bearing  induction  meter.  The  jewel 
is  mounted  in  a  carrier  shaft,  which,  in  its  turn,  is  geared  through  a  bevel  gear 
to  the  last  wiieel  of  the  integrating  train,  so  that,  as  the  disc  revolves 
and  drives  the  train,  it  also  causes  the  jewel,  which  is  of  circular  form, 
to  revolve  beneath  the  pivot,  presenting  a  constantly  renewed  surface  to 
the  end  of  the  pivot.  In  addition,  the  pivot  is  supported  against  a  specially 
designed  coil  spring.  The  gear  reduction  is  such  that  1000  kilowatt- 
hours  must  be  registered  before  the  jewel  completes  one  revolution,  or, 
in    other    words,    before    the   piv^ot    of    the    meter   spindle    makes    contact 
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again  with  the  same  spot  or  point  on  the  jewel  surface,  no  matter  how 
slight  the  movement  of  the  train  gearing.  A  view  of  the  revolving  element 
of  the  meter  is  given  in  Fig.  297,  showing  the  connection  between  it 
and  the  integrating  train,  also  the  method  of  rotating  the  jewel  bearing. 
The  effect  produced  by  this  change  of  the  point  of  contact  with  the  pivot 
is  to  polish  the  surface  of  the  jewel.  The  shaft  supporting  the  jewel, 
which  is  cup-shaped,  is  at  an  angle  of  about  45  degrees  to  the  vertical 
meter  spindle.  In  consequence  of  this  oblique  position  of  the  jewel  under 
the  pivot,  the  latter  bears  at  the  junction  between  the  sides  and  the  bottom 
of  the  cup,  the  junction  being  shaped  to  the  proper  curve. 


a 
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Fig.  298. 


The  construction  of  the  rotated  jewel  bearing  is  given  more  in  detail  in 
the  sectional  drawing,  Fig.  298,  from  which  it  will  be  readily  followed.  The 
disc  I  is  carried  on  the  meter  spindle  L,  the  revolutions  of  which  are 
transferred  through  the  worm  Q  to  the  wormwheel  R  actuating  the 
integrating  train.  The  lower  pivot  M  runs  in  the  jewel  A,  set  in  the  jewel 
carrier  B,  which  is  secured  to  the  revolving  bearing  shaft  E  by  means  of  the 
set  scrow  i\     At  H  are  the  bevel  gears  throuerh  which  the  iewel  bearing  SDindle 
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E  is  driven  from  the  integrating  train.  Displacement  of  the  meter  shaft  is 
prevented  by  the  bracket  S.  The  weight  of  the  revolving  element  (disc  and 
spindle)  is  supported  by  the  spring  P  within  the  hollow  meter  axle,  and  no 
clamping  device  is  required.  The  pivot  M  is  removable  by  unscrewing  N. 
The  object  of  the  pivot-stop  0  within  the  spring  P  is  to  prevent  the  disc 
spindle  from  descending  far  enough 
for  the  upper  pivot  T  to  come  out 
of  the  guide-screw  U. 

Evershed  Magnetic  Suspen- 
sion.— Mr  Evershed,  in  his  friction- 
less  motor  meter,  also  uses  a  magnetic 
suspension,  the  details  of  which  are 
given  in  Fig.  299,  which  is  a  section 
through  the  magnetic  pivot.  The 
upper  end  S  of  the  axle  of  the  meter 
is  held  in  position  by  the  magnetic 
attraction  of  the  iron  rod  R,  which  is 
screwed  in  the  iron  yoke  Y,  mag- 
netised by  the  brake  magnets  M. 
The  axle  is  prevented  from  being 
displaced  by  means  of  the  guard 
ring  g.  The  distance  between  R  and 
the  upper  end  of  the  axle  can  be 
adjusted  until  the  upward  magnetic 
attraction  very  nearly  balances  the 
whole  weight  of  the  armature,  brake, 
and  other  parts  attached  to  the 
meter  spindle. 

Upper  Bearing. — The  upper  bear- 
ing, in  general,  presents  no  novel 
features,  being  mostly  a  guide  bearing 
to  keep  the  meter  central.  In  the 
induction  meter,  type  W,  of  the  Fort 
Wayne  Electric  Works,  U.S.A.,  the 
upper  bearing  is  made  flexible.  The 
top  end  of  the  meter  spindle  is 
hollow,  and  rotates  about  a  flexible 
steel  shaft  mounted  in  the  top  bear- 
ing screw.  A  small  phosphor-bronze 
bearing  collar  encircles  the  point  of 
the  flexible  steel  shaft,  so  that  friction 
is  practically  eliminated ;  and  al- 
though the  hollow  end  of  the  meter 
spindle  permits  lubrication,  it  is  not 

found  necessary.     The  lower  end  of  the  shaft  is  highly  polished  and  hardened, 
and  rests  on  a  spring-seated  jewel  in  the  usual  manner. 

Integrating  Mechanisms. — -The  integrating  mechanisms  used  in  meters 
are  generally  of  two  kinds,  and  consist  of  either  the  ordinary  dial  register  with 
hands  or  pointers  travelling  over  circles,  or  the  cyclometer  type  of  counter  in 
which  the  figures  either  crawl  or  jump  into  position  successively,  and  appear 
in  slots  in  the  face  of  the  dial. 

The  first  motion  wheel  of  the  integrating  train  is  usually  driven  direct 


Fig.  299. 
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from  either  a  worm  or  pinion  on  the  meter  shaft.  In  the  Ferranti  continuous 
current  meter  the  connection  between  the  meter  spindle  and  the  dial  frame  is 
made  through  an  intermediate  swing  train  of  wheels  illustrated  on  page 
39.  The  registering  mechanisms  used  are  clearly  shown  in  the  illustra- 
tions accompanying  the  descriptions  of  the  various  meters  included  in  the 
preceding  chapters. 

To  distinguish  between  the  integral  and  decimal  parts  of  the  Board  of 
Trade  unit,  the  numbers  denoting  the  decimals  are  generally  coloured  red. 

Dial  Register. — In  the  ordinary  dial  register  the  hands  on  the  spindles  of 
the  diflerent  wheels  rotate  roinid  circles,  and  no  two  adjacent  hands  revolve 
in  the  same  direction  ;  i.e.  if  the  unit  hand  turn  clockwise,  the  tens  hand  will 
go  round  in  the  counter-clockwise  direction,  and  so  on,  the  figures  being 
marked  round  the  dial  circles  in  a  corresponding  manner.  To  facilitate  the 
reading  of  the  dials,  so  that  the  figures  are  always  read  in  the  same  direction, 
clockwise,  Messrs  Mix  &  Genest,  Berlin,  supply  a  dial  register  in  which  every 

other  hand  is  stationary, 
and  the  dial  circle  corre- 
sponding to  the  fixed  hand 
rotates.  The  figures  on 
each  rotating  dial  circle 
always  appear  the  right 
way  up  as  they  pass 
the  fixed  pointer.  Messrs 
Hartmann  &  Braun,  Frank- 
fort, on  the  other  hand, 
use  a  register  with  all  the 
hands  revolving  in  the 
same  direction. 

Cyclometer  Counter. — 
A  cyclometer  counter  has 
the  great  advantage  over 
the  ordinary  dials  with 
pointers,  that  an  error  can- 
not be  made  in  taking  the 
reading,  as  all  the  figures  appear  in  one  row,  provided  any  two  successive 
figures  of  the  same  number  disc  cannot  show  partially  through  the  dial  open- 
ing. Various  constructions  are  used  to  prevent  the  numbers,  owing  to  the 
very  slow  motions  which  take  place  in  meters,  from  remaining  in  intermediate 
|x>sitions,  whereby  uncertainties  are  occasioned.  The  change  from  one  number 
U)  the  next  higher  one  should  be  made  suddenly  by  means  of  an  intermittent 
motion  of  the  num})er  disc,  so  that  it  does  not  rotate  continuously,  as  in  the 
ordinary  dial  register  and  in  the  crawling  type  of  cyclometer  counter.  Fig. 
.'^00  is  an  illustration  of  the  jump  cyclometer  counter  used  by  the  Electrical 
Company,  Limited,  London. 

Aron  Spring  Cyclometer  Counter. — The  counting  train  used  in  the  Aron 
meters  consists  of  a  set  of  intermittently  moving  number  discs  which  spring 
behind  the  openings  in  the  dial,  and  not  more  than  one  figure  can  possibly 
show  at  a  time  through  the  aperture.  The  last  of  the  discs,  which  is  the  first 
decimal  place  of  the  B.O.T.  unit,  revolves  continuously,  and  the  second  and 
third  places  of  decimals  are  given,  for  testing  purposes,  on  small  dials  pro- 
vided with  moving  pointei's  in  the  usual  manner.  These  dials  are,  however, 
covered  when  the  case  is  in  position.     The  counter  is  shown  in  Fig.  301.     B 
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is  the  continuously  moving  disc,  and,  as  it  rotates,  it  constantly  winds  up  a 
small  hairspring  C.  Each  time  the  disc  B  completes  one  revolution  and  its 
zero  figure  comes  in  front  of  its  dial  opening,  the  hairspring  is  released  and 
actuates  the  first  springing  disc  A  through  a  1  to  10  cogged  gearing.  In  this 
manner  the  consecutive  numerals  on  the  disc  A  are  brought  suddenly,  one  at  a 
time,  in  front  of  the  aperture,  and  each  time  a  figure  so  appears  the  disc  is 
locked  until  B  has  completed  another  revolution,  when  the  same  action  takes 
place.  The  spring  thus  throws  over  the  unit  numeral  1  division,  and  is  of 
sufficient  strength  to  move,  without  sticking,  all  the  dials,  or  as  many  of 
them  as  may  be  ready  to  move  to  the  next  higher  figure.  The  different  discs 
gear  with  one  another  by  means  of  cogged  wheels,  as  shown  at  W  and  W^  (Fig. 
•301).  Only  at  one  point  in  the  revolution  of  each  disc  does  the  cogged  wheel 
gear  into  that  of  the  next  disc,  so  that  the  figures  are  locked  in  all  intermediate 
positions.  When  the  numl^er  999  has  been  reached,  each  of  the  single  teeth 
is  ready  to  mesh  with  the  cogwheel  next  to  it,  and  as  soon  as  the  zero 
figure  on  the  moving  disc  appears  through  the  hole  in  the  dial,  the  hairspring 


Fig.  301. 


swings  all  the  discs  together  through  one  division,  when  they  again  become 
locked. 

Siemens-Schuckert  Weight  Cyclometer  Counter. — In  the  jump  counters 
used  in  the  Siemens-Schuckert  meters  the  intermittent  motion  of  the  number 
discs  is  accomplished  by  means  of  a  single  weight  rotating  round  the  axis  of 
one  figure  disc.  The  small  amount  of  work  required  to  lift  the  weight  is 
independent  of  the  number  of  figure  discs  to  be  moved  at  the  same  moment. 
The  general  arrangement  is  shown  in  the  drawing  in  Fig.  302. 

The  motion  of  the  armature  spindle  is  transmitted  by  a  worm  on  the 
axle  to  a  wormwheel,  connected  to  a  counting  mechanism  fitted  with  rotating 
number  djscs.  The  first  right-hand  number  disc  is  driven  proportionally 
to  the  speed  of  the  armature,  while  all  the  otlier  discs  move  suddenly  from 
one  figi\re  to  the  next.  The  worm  k  on  the  meter  shaft  is  shown  in  the 
illustration  driving  direct  the  toothed  wheel  a,  whereas,  in  general,  the  worm 
drives  this  toothed  wheel  through  an  intermediate  wormwheel  and  pinion. 
On  the  axle  of  a  is  rigidly  mounted  the  first  number  disc,  which  usually 
gives  the  first  decimal  place  of  the  B.O.T.  unit.  The  arm  g,  with  the  two 
pins  /'  and  li,  is  also  rigidly  connected  to  the  axle  of  a,  whereas  the  falling 
weight  h  and   the  transfer  disc  c  are  both  loosely  pivoted   on   it.      As  the 
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wheel  a  rotates,  and  witli  it  the  arm  g,  the  pin  /  of  the  latter  carries  the 
weight  h  round  with  it,  until  it  reaches  the  top  position  in  which  it  is  shown 
in  the  drawing.  As  g  rotates  further,  the  centre  of  gravity  of  the  weight  will 
come  beyond  the  vertical  line  through  the  centre  of  rotation,  and  the  weight 
will  overbalance  and  fall  to  the  bottom  position.  During  its  fall  it  carries 
round  the  transfer  disc  c,  bringing  the  pin  i  into  the  position  z",  whereby  the 
toothed  wheel  d  is  moved  through  one  tooth.  The  figure  disc  e  is  rigidly 
connected  to  the  axle  on  which  is  mounted  the  toothed  wheel  c?,  and  is,  in 
this  manner,  turned  through  one-tenth  of  a  revolution,  the  next  number 
becoming  visible  in  the  dial  aperture.  By  paeans  of  similar  transfer  discs, 
rigidly  mounted  on  the  following  axles,  as  many  number  discs  as  are  necessary 
can  be  used.  It  will  be  remembered  that  the  first  number  disc  rotates  con- 
tinuously,  so  that  an  error  may  occur  if  the  reading  be  taken  just  at  the 
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moment  when  the  change  is  being  made  to  the  next  higher  numeral  on  the 
first  intermittently  moving  number  disc,  which  gives  the  unit  figures.  The 
reason  is  that  the  zero  figure  of  the  first  decimal  place  always  appears,  due 
to  the  continuous  rotation  of  its  disc,  just  before  the  unit  figure  is  changed, 
although  the  next  higher  unit  figure  appears  very  shortly  afterwards.  To 
eliminate  any  error  due  to  this  cause,  an  exti-a  disc  is  used,  rigidly  attached 
to  the  first  transfer  disc  and  weight.  The  unit  figure  disc,  which  is 
connected  to  the  axle  of  the  wheel  a,  has  marked  on  it  the  figures  1  to  8, 
whicli,  therefore,  revolve  continuously,  the  portion  of  the  disc  being  cut 
away  where  the  figures  9  and  0  should  be.  These  figures,  9  and  0,  are 
marked  on  the  extra  number  disc,  and  are  arranged  diametrically  opposite 
one  another,  and  in  each  half  of  their  revolutions  they  move  suddenly,  due  to 
the  weight.  The  two  discs  are  placed  behind  one  another,  and  their  figures 
appear  in  succession  opposite  the  same  dial  opening,  the  9  and  the  0  moving 
in  turn  suddenly  into  position.  In  this  manner  the  zero  figure  of  the  first 
decimal  place  and  the  next  higher  unit  figure  can  only  appear  simultaneously. 


CHAPTER  XIV. 

METER  TESTING. 

General  Remarks— Meaning  of  Testing  Constant— Calculation  of  Percentage  Error — Testing 
Motor  Meters — Testing  Oscillating,  Clock,  and  Electrolytic  Meters — Determination  of 
the  Losses  in  a  Meter — Testing  Meters  in  situ — Portable  Meters  for  Testing. 

General  Remarks.  —  All  measuring  instruments  require  to  be  calibrated, 
adjusted,  and  tested  hj  comparison  with  standards  of  reference  to  ensure  their 
proper  working,  and  to  no  class  of  electrical  apparatus  does  this  apply  more 
forcibly  than  to  electricity  meters,  on  the  accuracy  and  reliability  of  which 
depends  the  revenue  of  tlie  supply  station. 

A  comprehensive  treatise  on  meter  testing,  would  require  a  volume  to 
itself,  and  should  not  only  give  the  methods  of  testing  meters  of  different 
types,  but  also  actual  tests  carried  out  under  different  conditions  with  a  full 
explanation  of  the  results,  descriptions  of  the  standard  testing  instruments 
employed  and  their  limitations,  the  proper  equipment  of  a  meter  testing 
department,  and  descriptions  of  some  typical  testing  institutions.  This  is 
quite  beyond  the  scope  of  the  present  work,  and  in  this  chapter  it  is  only 
intended  to  give  a  brief  outline  of  the  testing  of  meters  after  they  have  been 
adjusted  and  calibrated  at  the  factory. 

The  calibration  of  a  meter  is  the  operation  by  means  of  which  the 
measurements  effected  by  it  are  compared  with  the  simultaneous  measure- 
ments of  standard  testing  instruments,  the  character  of  which  depends  on  the 
nature  of  the  particular  type  of  meter.  The  adjustments  of  a  meter  are  the 
alterations  which  have  to  be  made  to  the  different  elements  of  the  meter  in 
order  to  adapt  it  to  the  circuit  for  which  it  is  intended,  and  to  bring  it  into 
accord  with  the  current  or  watt  measurements,  as  given  by  the  standard 
testing  instruments.  The  testing  of  a  meter  is  the  checking  of  the  same  after 
it  has  left  the  meter  factory,  in  order  to  ascertain  whether  it  has  been  accur- 
ately adjusted  and  calibrated,  and  is  in  proper  condition,  fit  for  installation  in 
a  consumer's  premises.  A  meter  should  also  be  periodically  and  systemati- 
cally tested  in  dtu,  to  determine  whether  it  is  working  correctly  under  the 
conditions  which  prevail  in  actual  practice,  and  to  detect  any  irregularities  or 
faults  which  may  have  arisen  during  its  use. 

In  the  meter  factory  the  component  parts  of  a  meter  are  subjected  to  a 
series  of  both  mechanical  and  electrical  tests  and  close  inspection  during  each 
step  of  manufacture,  when  the  parts  have  been  assembled,  and  finally 
in  the  testing  department,  where  the  finished  instrument  is  accurately 
adjusted  and  calibrated.  It  should  not  be  necessary,  once  the  meter  cover 
has  been  put  on  and  sealed,  for  such  adjustments  to  be  changed.  If,  when 
subsequently  tested,  the  meter  should  be  found  to  be  incorrect,  the  adjust- 
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ments  should  be  altered  by  the  manufacturer  only ;  in  fact,  all  adjustments 
should  be  sealed. 

In  a  motor  meter  the  jewels  and  pivots  have  to  be  microscopically  examined, 
as  well  as  the  wheels  and  pinions  of  the  registering  train,  and  the  worm  on  the 
spindle  ;  the  exact  strength  of  the  spring  supporting  the  jewel  in  the  jewel 
screw  must  be  carefully  gauged,  that  it  is  of  the  correct  value  in  relation  to 
the  weight  of  the  moving  part,  which  should  be  accurately  balanced  and 
centred.  All  contacts,  especially  those  to  the  commutator,  if  any,  and  the 
state  of  the  commutator,  have  to  be  examined,  and  the  correct  pressure  of  the 
brushes  on  the  commutator  has  to  be  regulated.  Particular  care  must  be  given 
to  the  manufacture  of  the  permanent  magnets,  so  that  they  will  withstand 
temperature  variations  and  vibration,  and  still  retain  their  original  magnetic 
strength  for  extensive  periods.  When  the  magnet  has  been  made,  it  is  tested 
either  by  the  ballistic  galvanometer  or  the  magnetometer  methods,  and  is 
stored  for  several  months.  Before  its  actual  inclusion  in  a  meter  it  is  re- 
tested,  and  if  it  should  not  exactly  measure  as  originally  it  is  discarded.  The 
different  circuits  of  the  meter  have  to  be  tested  for  conductivity  and  insula- 
tion, and  are  subjected  to  pressures  greatly  in  excess  of  the  normal  voltage  of 
the  supply  circuit.  In  general,  the  meter  department  of  a  manufacturing 
company  is  well  supplied  with  modern  and  accurate  standardising  instruments. 
The  actual  methods  and  arrangements  adopted  vary  in  detail  to  suit  the 
particular  requirements  of  the  factory  for  quickly  and  accurately  testing  and 
adjusting  large  quantities  of  meters  on  a  commercial  basis. 

Every  supply  station  should  have  a  meter  department  equipped  with  a 
full  complement  of  accurate  testing  instruments,  testing  racks  free  from 
vibration,  incandescent  lamps  and  adjustable  resistances,  which  can  be  suitably 
arranged  for  keeping  any  particular  load  constant,  and  will  at  the  same  time 
give  a  wide  range  of  load,  and  choking  coils  for  inductive  loads.  The  testing 
circuits  should  be  fed  with  current  from  an  independent  source,  and  not  with 
current  from  the  supply  mains.  For  testing  energy  meters  two  distinct  and 
independent  testing  circuits  should  be  used,  the  one  for  the  pressure  circuits 
and  the  other  for  the  main  current  circuits  of  the  meters.  Whenever  possible, 
this  method  should  be  adopted  both  for  direct  current  and  alternating  current 
energy  meters.  Only  the  best  standard  instruments  should  be  used.  It 
must  be  remembered  that  a  high  degree  of  accuracy  is  demanded  of  a  meter, 
in  some  cases  unnecessarily  high;  and  tests  become  quite  valueless  when 
carried  out  with  inferior  instruments,  with  want  of  care,  and  unless  the 
voltage  and  current  are  both  kept  constant ;  above  everything,  a  test  should 
be  accurate  and  reliable. 

The  necessary  instruments  are  ammeters,  voltmeters,  wattmeters,  and 
accurate  stop-watches.  A  potentiometer  is  a  highly  accurate  and  useful 
instrument  for  measuring  both  currents  and  pressures,  and  is  largely  used  in 
many  supply  stations  and  testing  laboratories,  and  Kelvin  ampere  and  watt 
balances  are  also  employed  for  accurate  work.  Special  care  should  be  given 
to  the  selection  of  a  reliable  and  accurate  stop-watch,  as  the  average  stop- 
watch is  not  always  correct  at  all  points  of  its  dial.  It  should  be  frequently 
checked  when  in  use,  and  examined  for  any  zero  error.  The  hand  should 
return  to  zero  without  springing  back  into  position.  The  moment  the  key  is 
pressed  the  hand  should  be  released  and  start  to  indicate  the  time,  with  the 
second  depression  it  should  be  immediately  arrested,  and  on  pressing  a  third 
time  it  should  move  at  the  ordinary  rate  to  the  zero  position,  on  arriving  at 
which   it  should  stop.     Testing  sets   for  insulation    and  ordinary  resistance 
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measurements  are  also  necessary  and  low  reading  voltmeters.  Ammeters  and 
wattmeters  of  different  ranges  should  be  employed,  the  actual  number  and 
range  of  each  dependhig  upon  the  capacities  of  the  meters  to  be  dealt  with. 

A  meter  has  to  be  tested  over  a  wide  range,  from  one-twentieth  or  one- 
tenth  of  full  load  to  the  maximum  load  capacity  of  the  circuit  for  which  it  is 
intended,  and  it  is  of  the  greatest  importance  that  the  current  or  watt 
measurements,  or  both,  should  be  equally  accurate  and  reliable  at  every  test 
load.  This  is  not  possible  with  a  single  instrument,  admitting  at  the  same 
time  of  a  wide  range ;  and  a  small  error  in  a  reading  at  a  low  load  introduces 
a  considerably  larger  percentage  error  than  the  same  actual  error  at  a  high 
load. 

The  various  tests  which  should  be  made  on  a  meter,  with  special  reference 
to  the  motor  type,  are — speed  tests  for  accuracy  at  different  loads  ;  a  time 
test ;  the  determination  of  the  losses  in  the  meter,  i.e.  the  loss  in  the  main 
circuit  and  that  in  the  shunt  circuit ;  the  effect  of  varying  the  pressure ;  the 
effect  of  varying  the  frequency  (if  an  alternating  current  meter) ;  the  effect  of 
temperature  changes ;  the  effect  of  stray  fields,  a  test  for  creeping,  and 
the  effect  of  a  short-circuit  current  passed  through  the  meter.  Were  it 
not  for  the  disturbing  influence  of  friction,  especially  at  light  loads,  it 
would  only  be  necessary  to  conduct  one  test  at  full  load.  As,  however, 
the  law  of  the  motor  meter  is  not  a  straight  line  law,  it  becomes  necessary 
to  test  it  at  different  points  throughout  its  range,  and  the  low  load  tests 
are,  perhaps,  more  important  than  those  at  full  load  and  above,  as  generally 
a  meter  is  working  in  service  very  much  below  its  rated  capacity.  The  speed 
tests  consist  in  checking  the  speed  of  the  meter  disc  or  spindle  at  different 
loads,  usually  between  one-tenth  and  full  load,  and  for  this  purpose  the 
'  testing  constant '  of  the  meter  has  to  be  used.  Practically,  a  speed  test  is 
the  determination  of  the  percentage  difference  of  the  testing  constant  from  its 
declared  value.  The  time  test  is,  in  general,  undertaken  w^ith  the  object  of 
ascertaining  the  condition  of  the  registering  gear  and  train,  and  consists  in 
sending  a  suitable  current  through  the  meter,  and  maintaining  it  constant  for 
some  time,  comparing  the  actual  units  "consumed  in  the  particular  interval  with 
the  units  registered  by  the  meter.  It  gives  a  general  idea  of  the  behaviour 
of  the  meter.  It  can  be  readily  carried  out  by  comparing  the  registration  of 
the  meter  under  test  with  the  units  given  by  a  standard  meter,  when  it  is 
unnecessary  to  keep  the  load  constant. 

Meaning  of  Testing  Constant. — The  testing  constant  of  a  motor  meter  is 
the  relation  which  exists  between  the  correct  speed  of  the  meter  armature  and 
the  load.  It  does  not  in  any  way  refer  to  the  meter  dials,  which  generally 
give  the  units  consumed  without  the  use  of  a  multiplier  or  constant. 

As  this  testing  constant  is  variously  expressed  by  different  meter  makers, 
it  is  most  essential  to  understand  exactly  what  it  represents  in  each  case.  In 
ampere-hour  motor  meters  the  testing  constant  connects  the  speed  of  the 
armature,  or  disc,  with  the  current.  It  may  be  expressed  as  the  number  of 
amperes  per  revolution  per  second,  the  number  of  ampere-seeonds  per  revolu- 
tion, or  the  number  of  revolutions  per  second  per  ampere.  Instead  of  using 
the  second  as  the  unit  of  time,  in  some  cases  the  minute  or  the  hour  is 
chosen,  and  this  also  modifies  the  meaning  of  the  testing  constant.  In  energy 
motor  meters  the  testing  constant  connects  the  speed  with  the  power  in  watts. 
A  very  general  way  of  expressing  it  is,  that  it  represents  the  number  of  watts 
per  revolution  per  second.  In  certain  energy  motor  meters  the  testing 
constant  is  the  number  of  revolutions  per  minute  per  1000  watts,  in  others  it 
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means  the  watts  per  revolution  per  100  seconds,  the  revolutions  per  watt- 
hour,  also  the  watt-seconds  per  revolution.  It  may  further  mean  the  number 
of  watts  per  revolution  per  hour  or  per  minute. 

Difficulties  w^ould  be  avoided  if  the  testing  constant  of  a  meter  had  a 
precise  and  universally-accepted  definition  assigned  to  it.  Its  actual  value 
would  depend,  as  it  does  at  present,  on  each  meter,  but  it  would  always  have 
the  same  meaning  for  the  same  type  of  meter  (quantity  or  energy),  and  only 
one  form  of  the  corresponding  testing  formula  would  be  required.  The 
formula  required  in  testing  an  energy  motor  meter  is  easily  deduced  in  the 
following  manner : — 

N  =  any  convenient  number  of  revolutions  of  the  meter  disc. 

T  =  the  correct  time  in  seconds  required  for  this  number  of  revolutions. 

T'  =  the  observed  time   in   seconds    taken   by   the   disc   in   executing  N 

rotations. 
C  =  current  in  amperes. 
V  =  pressure  in  volts. 
W  =  actual  load  in  true  watts. 
K  =  testing  constant  of  meter. 

(A.)  K  denotes  the  number  of  watts  per  revolution  per  second. 
When  the  meter  is  correct,  then 


Proof : — 


1  revolution  per  second  =  K  watts. 

N 
N  revolutions  in  T  seconds  =  — K  watts. 

This  must  be  equal  to  the  watts  W  measured  by  the  wattmeter,  when 
the  meter  is  correct, 

i.e.  K  =  W.?!. 

N 

(1)  Testing  Constant  =  Watts  x  Seconds  ^ 

Revolutions 

The  above  may  be  variously  expressed  as  follows  : — 

%\  Watts  =  "^^sting  Constant  x   Revolutions 
Seconds 

(3)  Itevolutions  =  ^^econds  x  Watts 
Testing  Constant 

(4^  Seconds  =  ^^^Q^^^^Q"^  x  Testing  Constant 
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(B.)  If  K  be  expressed  in  watts  per  revolution  per  minute,  then      - 

60N    ' 

(C.)  If  the  constant  represent  the  watts  per  revohition  per  hour,  then 

„       W  X  T 
K 


3600  X  N 

(D.)  When  K  denotes  the  revohitions  per  minute  per  1000  watts,  then 

60  X  1000  X  N 


K  = 


WxT 


From  the  above  examples  no  difficulty  will  be  experienced  in  obtaining 
the  correct  formula  to  correspond  with  any  particular  testing  constant.  With 
ampere-hour  motor  meters  the  current  C  amperes  must  be  substituted  for  the 
watts  W.  In  a  direct  current  system  the  power  in  watts  (W)  equals  the 
product  of  the  current  and  voltage  (C.V)  ;  in  an  alternating  current  system, 
however,  the  power  AV  includes  the  power  factor  of  the  circuit,  i.e.  W  =  C.V. 
cos  <^. 

Calculation    of   Percentage    Error. — The   actual   error  at   any   load   is 

T-  T' 
T-T',  and  the  percentage  error  is      ^^  x  100.       When   this  expression  is 

positive  the  meter  is  fast,  and  is  slow  when  it  becomes  negative.     The  correct 

time  T  is  computed  from  the   formula,  and  T'  is  the    observed   time.     The 

percentage  error  can  be  determined  in  a  number  of  ways  ;  it  may  be  calculated 

from  the  standard,  measured  watts  and  the  watts  as  given  by  the  meter,  using 

the  declared  value  of  the  testing  constant   and  the  observed  values  of  the 

revolutions  and  the  time,  from  the  observed  revolutions  per  minute  of  the 

meter  disc  and  the  calculated   number  of  revolutions   per  minute,  or  from 

the  declared  value  of  the  testing  constant  and  from  its  value  deduced  from 

the  formula,  using  the  observed  values  of  the  watts,  time  and  revolutions. 

If  the  percentage  error  be  estimated  from  the  watts,  then,  assuming  K  to 

represent  the  number  of  watts  per  revolution  per  second,  the  meter  will  from 

K  N 
its  speed  indicate  — ^  watts,  whereas  the  wattmeter  reading  is  W  watts.     The 

T^  XT  rp/  »v 

actual  error  is     *,     -  W,  and  the  percentage  error  is  — "^^ —  ^  100.     If  tliis 

expression  be  negative,  it  means  that  the  meter  is  reading  low,  and  it  will  be 
reading  high  when  the  expression  is  positive. 

From  the  percentage  error  table  for  fifths  of  a  second  given  below, 
the  percentage  error  may  be  readily  obtained  without  having  to  work  it 
out.  The  table  is  based  upon  one  supplied  by  the  Duncan  Electric  Mfg. 
Co.,  U.S.A.,  and  can  be  used  directly  without  any  special  interpretation. 
This  is  not  the  case  with  the  American  table,  as  it  is  calculated  from  the 

T-T' 

formula  — — ^r—  x  100  ,  which  is  not  the  one  accepted  here.      The  method  of 

using  the  table  is  very  simple.  It  is  only  necessary  to  adjust  the  load  on 
the  meter  until  the  revolutions,  supposing  the  meter  to  be  correct,  will 
require  exactly  one   minute   to  be   completed.     The   numl^er  of  revolutions 

20 
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Per  Cent.  Error  Table  for  Fifths  of  a  Second. 


Time  in 

Percent 

Time  in 

Per  Cent. 

Time  in 

Per  Cent. 

Time  in 

Per  Cent. 

Seconds. 
40-20 

Fast. 

Seconds. 
50-20 

Fast. 

Seconds. 

Slow. 

Seconds. 

Slow. 
17-00 

33-00 

16-33 

60-20 

0-33 

70-20 

•40 

32-67 

-40 

16^00 

•40 

0-67 

•40 

17-33 

•60 

32-33 

•60 

15^67 

•60 

100 

-60 

17-67 

•80 

32-00 

•80 

15^33 

•80 

1-33 

•80 

18-00 

41-00 

3r67 

51^00 

15^00 

61-00 

1-67 

71-00 

18-33 

•20 

31  ^33 

•20 

14-67 

-20 

2-00 

-20 

18-67 

•40 

3roo 

•40 

14-33 

•40 

2-33 

•40 

19-00 

-60 

30-67 

•60 

14-00 

•60 

2-67 

•60 

19-33 

•80 

30-33 

•80 

13-67 

•80 

3-00 

•80 

19-67 

42-00 

30  00 

52^00 

13-33 

62-00 

3-33 

72-00 

20-00 

•20 

29-67 

•20 

13^00 

•20 

3-67 

•20 

20^33 

•40 

29-33 

•40 

12^67 

•40 

4-00 

•40 

20^67 

•60 

29-00 

!         ^60 

12-33 

•60 

4^33 

•60 

21-00 

-80 

28-67 

i         ^80 

12-00 

•80 

467 

•80 

21-33 

43-00 

28-33 

53^00 

11-67 

63-00 

5^00 

73-00 

21-67 

-20 

28-00 

•20 

11-33 

-20 

5-33 

•20 

22-00 

-40 

27-67 

•40 

11-00 

-40 

5^67 

•40 

22-33 

•60 

27-33 

•60 

10-67 

-60 

6-00 

•60 

22-17 

•80 

27-00 

1         -80 

10-33 

•80 

6-33 

-80 

23-00 

44-00 

26-67 

54^00 

10-00 

64-00 

6^67 

74-00 

23-33 

-20 

26-33 

;          ^20 

9-67 

-20 

7-00 

-20 

23  67 

•40 

26-00 

!         -40 

9-33 

•40 

7-33 

-40 

24-00 

-60 

25-67 

i         -60 

9-00 

•60 

7^67 

•60 

24-33 

•80 

25-33 

•80 

8-67 

•80 

8-00 

•80 

24-67 

45-00 

25-00 

55^00 

8-33 

65  •OO 

8^33 

75^00 

25^00 

•20 

24-67 

•20 

8-00 

•20 

8-67 

•20 

20-33 

•40 

24-33 

•40 

7-67 

•40 

9-00 

•40 

25  67 

•60 

24-00 

•60 

7-33 

•60 

9-33 

•60 

26^00 

•80 

23-67 

•80 

7-00 

•80 

9-67 

•80 

26-33 

46-00 

•23  33 

i     56^00 

6^67 

66-00 

10  00     i 

76-00 

26^67 

-20 

23-00 

1         -20 

6-33 

-20 

10-33 

•20 

27-00 

-40 

22-67 

!          -40 

6^00 

•40 

10-67 

•40 

27-33 

-60 

22-33 

•60 

5-67 

•60 

11-00 

•60 

27-67 

•80 

22-00 

•80 

5-33 

•80 

11-33 

•80 

28^00 

47^00 

21-67 

57^00 

5-00 

67-00 

11-67 

77-00 

28-33 

•20 

21-33 

•20 

4-67 

-20 

12-00 

-20 

28-67 

•40 

21  00 

•40 

4-33 

-40 

12-33 

-40 

29-00 

-60 

20-67 

•60 

4-00 

-60 

12-67 

-60 

29-33 

-80 

20-33 

•80 

3-67 

-80 

13-00 

•80 

29^67      , 

48-00 

20-00 

58-00 

3-33 

68-00 

13-33 

78^00 

30-00 

•20 

19-67 

•20 

3  00 

•20 

13-67 

-20 

30-33 

•40 

19-33 

•40 

2-67 

•40 

14-00 

•40 

30^67 

•60 

19  00 

•60 

2-33 

•60 

14-83 

•60 

31^00 

•80 

18-67 

•80 

2-00 

•80 

14-67 

-80 

3r33 

49-00 

18  3ii 

59-00 

1-67 

69-00 

15-00 

79-00 

31-67 

•20 

18-00 

•20 

1-33 

-20 

15-33 

•20 

32-00 

•40 

17-67 

-40 

1-00 

-40 

15-67 

-40 

32  ^33 

•60 

17-33 

-60 

0-67 

-60 

16-00 

•60 

32^67 

•80 

17-00 

-80 

0-33 

-80 

16-33 

-80 

33^00 

60  •OO 

16-67 

60-00 

0-00 

70-00 

16-67 

80-00 

33^33 

i 
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per  minute  at  the  particular  load  is  calculated  from  the  testing  formula.     Tn 
the  case  of  a  Duncan  meter  the  formula  is 

W 

=  Revs,  per  min. 


Kx60 

The  reason  for  the  number  60  in  the  denomhiator  is  because  the  constant  of 
the  Duncan  meter  is  the  number  of  watts  per  revolution  per  hour.  If  the 
testing  load  be  6000  watts,  and  the  meter  be  of  100  amperes  capacity  and 
110  volts  pressure,  the  number  of  revolutions  per  minute  should  be 

6000       6000 


K  X  60     4  X  60 


25. 


(K  in  this  case  is  4.) 

The  tester  notes  the  exact  time  in  seconds  required  for  the  25  revolutions 
to  be  executed  by  the  meter  disc  at  the  load  of  6000  watts,  and  then  refers  to 
the  table.  If  the  time  be  exactly  60  seconds,  the  meter  will  have  no  error ; 
if,  however,  it  be  58-4  seconds,  the  meter  is  2*67%  fast,  as  per  table.  If  it 
should  take  55 "8  seconds  to  make  the  25  revolutions,  it  would  be  7*00%  fast; 
again,  if  the  time  were  more  than  60  seconds,  say  61*8  seconds,  the  error 
would  be  3-00%  slow. 

Testing  Motor  Meters. — In  carrying  out  a  speed  test  on  a  motor  meter 
the  revolutions  are  accurately  counted  by  noting  the  appearance  or  dis- 
appearance of  the  mark  on  the  meter  disc  through  the  observation  window  in 
the  meter  cover.  In  slow  rotations  an  error  may  be  made  at  the  moment  of 
stopping  the  stop-watch  at  the  termination  of  the  test,  owing  to  the  mark  on 
the  periphery  of  the  disc  being,  in  general,  a  fairly  large  spot,  so  that  the 
completion  of  the  last  rotation  is  not  always  noted  in  the  correct  position. 
In  other  words,  imless  care  be  taken,  the  watch  may  be  stopped  too  soon  or 
too  late.  The  observation  window  should  have  engraved  on  it  at  its  centre 
a  small  line  parallel  to  the  meter  axis,  and  a  corresponding  line  should  be 
made  on  the  coloured  portion  of  the  rim  of  the  disc.  This  should  make  the 
observations  more  definite.  If  the  meter  be  an  ampere-hour  meter,  it  is 
connected  to  the  testing  circuit  in  series  with  an  accurate  ammeter;  or  a 
potentiometer,  or  Kelvin  ampere  balance  is  used.  The  meter  must  be 
supported  in  the  vertical  position,  and  the  locking  device,  if  any,  must  be 
released  before  current  is  passed  through  the  meter.  The  load  is  then 
adjusted  to  the  correct  value  and  is  kept  constant,  and  the  speed  observations 
are  taken.  This,  of  course,  applies  to  any  meter.  In  testing  a  three-wire 
ampere-hour  motor  meter,  such  as  the  three-wire  O'K.  meter  described  on 
page  45,  the  two  armature  circuits  are  either  connected  in  series  and  tested, 
or  each  armature  circuit  is  tested  separately  at  different  loads.  The  pressure 
of  the  circuit  need  not  be  taken  into  account  in  conducting  a  speed  test  of  an 
ampere-hour  motor  meter,  except  when  the  testing  dials  of  the  meter  are  used. 

In  many  meters  the  speed  of  rotation  is  too  high  at  full  load  to  be  deter- 
mined by  counting  the  rotations,  and  the  testing  dials  are  then  read  at  the 
commencement  and  termination  of  the  test.  The  testing  dials  are  generally 
calibrated  to  read  the  decimal  portions  of  the  Board  of  Trade  unit;  the 
testing  constant  is  then  not  required,  but  the  value  of  the  voltage  of  the 
meter  must  be  used  in  computing  the  watt-hours,  or  B.O.T.  units,  from  the 
ammeter  reading  and  the  time.  When  the  testing  dials  are  used  the  duration 
of  the  test  should  be  so  chosen  that  complete  revolutions  are  made,  as  other- 
wise errors  may  creep  in,  due  to  discrepancies  in  the  dial  graduations.     These 
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testing  dials  are  differently  coloured  from  the  remainder,  and  are  only  used  in 
checking  the  meter.  For  the  same  purpose  the  decimal  portions  of  a  cyclo- 
meter counter  are  also  differently  coloured.  In  a  time  test  on  an  ampere-hour 
meter,  the  voltage  must  also  be  taken  into  account  in  estimating  the  units 
consumed. 

When  an  energy  meter  is  to  be  tested,  a  wattmeter,  an  ammeter,  and  a 
voltmeter  must  be  used.  The  connections  of  the  different  instruments  to  the 
testing  circuits  must  be  made  in  such  a  manner  that  the  shunt  loss  of  the 
meter  is  not  indicated  by  the  testing  instruments,  and  that  the  pressure 
currents  of  the  voltmeter  and  wattmeter  do  not  pass  through  the  series 
circuit  of  the  meter,  otherwise  incorrect  results  will  be  obtained.  The  best 
method  is  to  have  two  independent  two- wire  circuits, — a  main  current  one  for  the 
load  in  which  are  placed  the  series  circuits  of  the  meters  and  the  main  current 
coils  of  the  wattmeter  and  ammeter,  and  a  potential  circuit,  across  which  are 
connected  in  parallel  tlie  pressure  circuits  of  the  meters,  wattmeter  and 
voltmeter.  Even  when  two  independent  testing  circuits  are  not  available,  a 
pair  of  potential  leads  should  be  branched  from  the  main  circuits  on  the 
i^upply  mle  of  the  meters  and  testing  instruments,  and  the  voltmeter  and  the 
pressure  circuits  of  the  metei-s  and  wattmeters  should  be  connected  to  these 
leads. 

The  energy  motor  meter  is  tested  by  either  counting  the  revolutions 
of  the  disc  and  observing  the  time  taken,  or  the  testing  dials  are  read. 
Simultaneous  readings  of  the  wattmeter,  ammeter,  and  voltmeter  are  taken, 
and  during  each  test  the  current  and  voltage  must  be  maintained  perfectly 
constant.  When  the  meter  is  for  a  direct  current  system  the  wattmeter  is 
not  essential,  but  is  indispensable  in  the  case  of  alternating  current  metei-s, 
and  the  ammeter  and  voltmeter  must  be  used  to  determine  the  power  factor, 
if  any.  In  ascertaining  the  accuracy  at  different  loads,  in  general,  two 
ammeters  and  two  wattmeters  are  necessary,  and  arrangements  are  made  to 
short-circuit  the  terminals  of  the  low-reading  ammeter  and  wattmeter  at  the 
high  loads.  If  the  anuiieter  be  of  the  moving  coil  type,  it  is  provided  with 
different  shunts  to  give  the  desired  ranges,  so  that  only  one  instrument  is 
used.  A  three-wire  energy  motor  meter,  such  as  the  Thomson  type,  may  be 
tested  by  connecting  both  its  main  current  coils  in  series  and  checking  it  as 
an  ordinary  two-wire  meter,  the  armature  circuit  being  energised  at  the 
I)roper  voltage.  It  is  also  checked  by  testing  each  half  of  the  meter  as  a  two- 
wire  meter  at  different  loads,  and  the  results  obtained  for  the  two  halves 
should  not  differ  appreciably  from  one  another.  The  effect  of  the  series  coils 
on  the  armature  may  be  tried  by  so  connecting  them  that,  with  the  same 
current,  their  magnetic  fields  oppose  one  another,  when  the  armature  should 
remain  stationary.  The  armature  must  ))e  connected  to  the  potential  leads 
during  the  test.  This  metlifxi  is  not  satisfactory,  from  the  fact  that  the 
armature  does  not  rotate,  and  the  effect  of  friction  cannot,  therefore,  be 
observed.  A  three-wire  energy  meter  should  be  tested  on  a  three-wire  circuit. 
Two  wattmeters  are  then  employed,  the  one  being  placed  in  the  one  half  of 
the  system  and  the  second  in  the  other  half.  The  three-wire  network  should 
then  be  balanced  and  the  meter  tested,  and  the  tests  repeated  with  the  two 
sides  unecjually  loaded. 

When  an  alternating  current  meter  is  being  tested,  its  accuracy  must  be 
determined  not  only  on  different  loads  with  a  power  factor  of  unity,  but  also 
when  the  power  factor  is  less  than  unity,  say  0*7  and  0-5.  It  is  also 
necessary  to  keep  the  frequency  constant,  and  some  form  of  suitable  frequency 
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indicator  should  be  used.  Induction  meters  are  atfected  by  variations  in 
periodicity,  and  the  frequency  should  be  accurately  known.  It  may  be  easily 
determined  by  taking  the  revolutions  of  the  alternator  witli  an  ordinary  speed 
counter,  and  is  calculated  from  the  following  formula : — 

, ,     ,                      J       Revs,  per  minute  x  No.  of  poles 
Cycles  per  second  = i- — ^ . 

A  very  general  method  of  testing  a  polyphase  motor  meter    is    to    check 
each   half   of  the    meter    in   the    same    manner   as   a   single-phase    two-wire 
induction  meter.     Both  the  pressure  circuits  of  the  meter  are  placed  across 
the  testing  mains,  but  current  is  only  sent  through  one  main  current  coil  at  a 
time.     A  series  of  tests  is  made  with  this  current  coil  in  circuit ;  it  is  then 
entirely  disconnected,  and  the  current  is  passed  through  the  other  main  circuit 
of  the  meter,   when  the  tests  are  repeated.     The  usual  standard  indicating 
instruments  are  used.     It  is  most  important,  in  using  this  method,  that  both 
the  pressure  circuits  are  always  energised  during  the  test,  whichever  half  of 
the  meter  is  under  examination.     If  this  precaution  be  overlooked,  the  results 
will  be  incorrect,  owing  to  the  braking  action  of  the  shunt  flux  of  the  un- 
loaded half  of  the  meter;  the  determinations  would  all  be  too  high.    The  speed 
of  the  meter  disc  will,  witli  this  method,  be  half  the  speed  when  both  sides 
are  loaded,  i.e.  with  tlie  meter  connected  to  a  polyphase  system,  and  this  fact 
nuist  be  taken  into  account  in  using  the  testing  constant.     Checking  each  half 
of  the  meter  in  this  manner  has  the  advantage  of   indicating  the   state  of 
balance   of   the    two  driving  tonpies  of  the  meter ;    they  should  be  almost 
exactly  equal.     When  the  meter  has  been  properly  adjusted  and  calibrated,  it 
should  only  be  necessary  for  such  tests  to  be  quickly  conducted  at  a  couple  of 
loads,  when  the  meter  sliould  be  checked  as  a  polyphase  meter  in  a  polyphase 
circuit.     For  this  purpose,  taking  a  three-phase  three-wire  meter,  it  should  be 
connected  to  a  three-phase  three-wire  network,  when  two  w^attmeters  must  be 
used.      The    wattmeters   are   joined   to   the   system   on   the    two-wattmeter 
method  of  connection,  and  the  sum  of  their  simultaneous  readings  gives  the 
total  three-phase  power.     Three  anmieters  and  three  voltmeters  should  also 
be  employed.     The  meter  should  then  be  checked  at  dittcreut  loads,  both  with 
the  system  balanced  and  unbalanced,  first  with  loads  of  miity  power  factor,  and 
then  with  loads  containing  cither  self-induction  or  capacity.     In  the  case  of  a 
three-phase  four-wire  meter,  three  wattmeters  nuist  be  employed  in  order  to 
obtain  the  true  three-phase  power.     The  maih  current  coils  of  the  wattmeters 
are  placed    in    the   three   supply  mains,    and    the    pressure    circuit   of   each 
wattmeter  is  connected  between  that  supply  main  in  which  its  main  current 
coil  is  inserted  and  the  fourth  or  neutral  conductor.     The  method  of   con- 
nection is  exactly  the  same  as  that  shown  in  Fig.  184  on  page  188  to  illustrate 
the  measurement  of  the  energy  consumed  in  a  three-phase  foiu'-wire  system 
by  means  of  three  induction  meters.     In  every  case  when  an  energy  meter  is 
being  tested,  care  must  be  exercised  that  no  pressure  current  passes  through 
the  main  current  circuits  of  the  meter  (or  meters)  and  those  of  the  indicating 
instruments.     This  is  specially  important  when  a  number  of  meters  are  tested 
in  series,  and  the  pressure  circuits  sliould  then  always  be  completely  isolated 
from  the  main  current  terminals  of  the  meters  and  connected  in  parallel  across 
the  testing  circuit.     The  arrangement  of  tlie  terminals  should  admit  of  this 
without    the    necessity    of    disturbing    the    main    meter   cover.     When    an 
alternating  current  meter  is  to  be  used  with  a  special  current  or  pressure 
transformer  or  two  such  transformers,  it  should  be  tested,  connected  to  the 
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transformer,   or  transformers,   as  for  ordinary  use,   especially  for  inductive 
loiids. 

Explanations  of  the  adjustments  of  motor  meters,  especially  those  of 
the  induction  type,  will  be  found  in  the  descriptions  of  the  different  meters 
given  in  the  foregoing  chapters.  The  principal  adjustment  is  that  of  the 
permanent  magnets  to  control  the  speed  of  the  meter  at  heavy  loads,  where 
the  effect  of  any  slight  discrepancy  at  light  loads  is  not  very  appreciable. 
The  other  important  adjustment  is  the  regulation  of  the  light-load  or  friction- 
compensating  device  for  varying  the  speed  on  small  loads.  In  addition,  an 
induction  meter  has  to  be  provided  with  a  phase  adjustment,  so  that  its 
indications  will  be  correct  on  loads  having  the  usual  power  factors  met  with 
in  practice.     This  also  applies  to  each  half  of  the  polyphase  meter. 

The  effect  on  the  indications  of  a  meter  of  an  increase  or  decrease  in  the 
voltage  is  readily  determined  by  testing  the  accuracy  at  one  and  the  same 
load  with  pressures  applied  to  the  testing  mains,  differing  by  10  per  cent, 
above  and  below  the  normal.  Similar  tests  have  to  be  taken  for  differences 
in  frequency  and  temperature.  Creeping  is  determined  by  energising  the 
shunt  circuit  of  the  meter,  with  the  main  circuit  open,  on  a  voltage  10  to  20 
per  cent,  in  excess  of  the  normal ;  the  meter  disc  should  remain  stationary. 
In  testing  a  meter  it  shoidd  be  in  a  position  remote  from  magnets,  bus-bars, 
or  heavy  current  cables,  the  magnetic  fields  of  which  may  influence  its 
accuracy.  It  might  be  advisable  to  test  a  switchboard,  astatic  meter,  such  as 
tlie  Thomson  type,  in  the  vicinity  of  such  magnetic  fields,  as  it  is  impossible, 
for  mechanical  reasons,  for  the  meter  to  be  absolutely  independent  of  the 
magnetic  fields  emanating  from  bus-bars,  feeders,  and  heavy  current  con- 
nections, which,  as  a  rule,  do  not  occupy  a  symmetrical  position  relatively  to 
the  two  armatures  of  the  meter.  The  weakening  effect  on  the  permanent 
magnets  of  an  abnormal  current  through  the  main  circuit  of  the  meter  is 
examined  by  subjecting  the  meter  to  a  short-circuit  through  a  fuse  of  double 
the  capacity  of  the  meter,  and  afterwards  taking  speed  tests  at  full  load. 

Testing  Oscillating,  Clock,  and  Electrolytic  Meters. — An  oscillating  meter, 
such  as  the  Electrical  Company's  type  described  in  Chapter  V.,  is  tested  in 
the  same  manner  as  a  motor  meter.  In  counting  the  oscillations  of  the 
meter  disc,  care  nnist  be  taken  to  include  wiiole  oscillations  only.  A  complete 
oscillation  corresponds  to  one  rotation  in  a  motor  meter,  and  is  the  passage  of 
the  meter  disc  twice  in  succession  in  the  same  direction  through  a  given 
position.  In  the  testing  formula,  N  now  means  the  number  of  oscillations, 
and  K  connects  the  rate  of  oscillation  with  the  power  in  watts.  The  method 
of  checking  an  Aron  clock  meter  is  to  take  a  time  test,  usually  at  full  load 
only,  as  the  law  of  the  meter  is  a  straight  line  law.  The  duration  of  each 
test  should  be  an  exact  multiple  of  twenty  minutes,  as  in  this  way  errors  due 
to  want  of  synchronism  are  eliminated.  The  test  for  the  creeping  error  of 
the  Aron  meter  can  only  be  taken  by  energising  its  pressure  circuit,  without 
load  on  the  meter,  for  a  week  or  longer,  and  noting  the  readings  of  the  dials 
every  day  A  non-creeping  device  is  now  attached  to  these  meters.  It  con- 
sists of  a  small  coil  in  the  pressure  circuit  of  the  meter,  and  is  placed  so  that 
it  acts  on  one  pendulum  coil  only,  tending  to  drive  the  meter  backwards. 
Tliis  backward  movement  is,  however,  prevented  on  no  load  by  a  pawl 
attachment  to  the  register. 

In  electn^lytic  meters,  such  as  the  Wright  shunted  type  and  the  Bastian 
un-shunted  meter,  time  tests  have  also  to  be  taken.  The  meter  is  placed  in 
the  circuit,  the  current,  usually  a  full  load  current,  is  maintained  steady,  and 
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the  scale  readings  are  carefully  read  during  the  test,  in  the  Wright  meter 
the  temperature  coefficient  of  the  circuit  comprising  the  fine  wire  resistance 
and  the  electrolytic  cell  should  be  tested  for  any  change  for  a  range  of  10 
degrees  Centigrade  above  or  below  the  normal.  Either  a  full  load  test  is 
conducted  at  a  temperature  diff'ering  by  this  amount  from  the  normal,  or  the 
resistance  of  the  cell  circuit  is  measured  by  a  potentiometer  at  the  normal 
temperature  and  at  a  higher  one.  In  a  properly  adjusted  meter,  no  difference 
will  be  found.  The  accuracy  of  the  point  at  which  the  mercury  syphons  over 
in  those  meters  fitted  with  the  secondary  100-unit  scale  is  examined  by 
shaking  over  mercury  until  the  mercury  column  stands  at  97  or  98  on  the 
unit  scale ;  a  current  is  then  passed  through  the  instrument  until  the  mercury 
tiows  over.  The  syphoning  point  should  occur  at  the  100th  division.  The 
calibration  of  the  Bastian  meter  may  be  quickly  checked  without  passing 
current  through  the  meter.  Water  is  poured  into  the  tube  up  to  the  lowest 
scale  division  with  the  electrodes  inserted,  when,  by  means  of  a  burette, 
quantities  of  water  are  added  equivalent  to  10  or  20  units  at  the  voltage 
for  which  the  meter  is  calibrated,  and  the  different  levels  noted.  They  should 
coincide  with  the  corresponding  scale  divisions. 

Determination  of  the  Losses  iu  a  Meter.— Power  is  wasted  in  both  the 
series  and  pressure  circuits  of  an  energy  meter,  but  of  the  two  losses  the 
shunt  loss  is  the  more  important.  In  a  direct  current  meter  the  loss  in  the 
main  current  circuit  is  determined  by  measuring  the  drop  at  full  load  between 
the  main  current  terminals  of  the  meter  with  an  accurate  low-reading  volt- 
meter, or  a  potentiometer  may  be  used,  and  multiplying  the  drop  in  volts  by 
the  current  in  amperes.  In  general,  it  is  only  necessary  to  ascertain  the  drop. 
The  shunt  loss  is  found  by  measuring  the  resistance  in  ohms  of  the  pressure 
circuit,  when  the  quotient  of  the  square  of  the  normal  working  voltage  of 
the  meter  by  the  resistance  will  be  the  watts  lost  in  the  shunt  at  this 
pressure.  Before  a  measurement  of  the  resistance  is  taken,  the  normal 
working  voltage  should  be  applied  to  the  shunt  circuit  of  the  meter  for  quite 
an  hour,  with  the  meter  cover  on  during  this  time.  In  fact,  all  measurements 
should  be  made  without  disturbing  the  cover  of  the  meter.  In  many  meters 
the  removal  of  the  cover  will  make  a  perceptible  difference  to  the  meter  speed 
at  full  load.  The  shunt  loss  may  also  be  determined  by  measuring  the 
current  in  the  pressure  circuit.  The  product  of  the  pressure  and  the  current 
is  the  power  wasted.  The  former  method  is,  however,  the  simpler  and  better 
of  the  two. 

The  above  methods  for  obtaining  the  series  and  shunt  losses  are  not 
applicable  to  a  meter  of  the  induction  type,  on  account  of  the  self-induction 
of  its  circuits.  The  shunt  loss  may  be  measured  by  means  of  an  accurate 
low^-reading  wattmeter.  The  wattmeter  is  placed  in  the  alternating  current 
mains  with  the  meter  under  test,  but  in  front  of  the  same,  so  that  the  only 
load  on  the  testing  mains  is  that  due  to  the  pressure  circuit  of  the  meter 
and  is  indicated  by  the  wattmeter,  care  being  taken  that  the  pressure  current 
of  the  wattmeter  does  not  pass  through  its  series  coil.  An  approximate 
result  may  be  obtained  by  connecting  a  number  of  meters  of  the  same  ampere 
capacity,  voltage,  and  frequency  to  the  circuit  in  this  manner,  the  pressure 
circuits  of  the  meters  being  all  in  parallel  across  the  mains,  and  constituting 
the  load.  The  aggregate  watts  lost  in  the  shunts  of  the  meters  will  be  given 
by  the  wattmeter  reading ;  dividing  this  number  of  watts  by  the  number  of 
meters  tested  will  give  an  approximate  average  value  of  the  shunt^  loss  per 
meter.     The   only  advantage   of   the   method  is  that  a  wattmeter  of  larger 


312  ELECTRICITY    METERS. 

capacity  can  be  used.  An  accurate  determination  of  the  shunt  loss  may  be 
carried  out  by  employing  the  three-voltmeter  method  of  measuring  power  in 
an  alternating  current  circuit  containing  self-induction.  For  this  purpose 
three  voltmeters  and  a  non-inductive  resistance  are  necessary.  The  non- 
inductive  resistance  is  connected  in  series  with  the  shunt  circuit  of  the  meter, 
and  an  alternating  current  pressure  is  applied  to  the  terminals  of  the  circuit 
so  formed.  The  one  voltmeter  is  connected  direct  across  the  circuit,  the 
other  is  joined  to  the  shunt  terminals  of  the  meter,  and  the  third  is  placed 
across  the  non-inductive  resistance.  The  total  voltage  applied  and  the  non- 
inductive  resistance  must  be  so  regulated  that  the  pressure  across  the  shunt 
of  the  meter  is  the  normal  working  voltage  for  which  it  is  intended.  The 
watts  dissipated  in  the  shiuit  at  this  pressure  are  given  by  the  following 
equation  : — 

1 


W  =  ^(V2-Vi2-V 


where  r  is  the  known  value  in  ohms  of  the  non-inductive  resistance,  V,  Vj , 
and  Vg  being  the  voltages  given  by  the  three  voltmeters,  taken  in  order 
across  the  total  circuit,  the  shunt  of  the  meter,  and  the  non-inductive  resist- 
ance. The  advantage  of  the  method  is  that  it  is  totally  independent  of  self- 
induction,  but  it  has  the  disadvantage  that,  to  render  it  sensitive,  the  volts 
Vg  lost  in  the  non-inductive  resistance  should  be  comparable  with  V^.  The 
power  wasted  in  a  circuit  containing  self-induction  may  be  measured  by  the 
three-ammeter  method.  The  circuit  under  test  in  series  with  an  ammeter 
is  shunted  by  a  non-inductive  resistance  also  in  series  with  a  second  ammeter. 
The  parallel  circuit  so  formed  is  placed  in  one  of  the  testing  mains,  in  which 
is  inserted  a  third  ammeter,  so  that  the  currents  in  the  branch  circuits  flow 
through  it,  three  simultaneous  readings  of  the  ammeters  are  taken,  and  the 
power  wasted  is  calculated  from  the  formula 

where  R  is  the  resistance  of  the  non-inductive  shunt,  A  is  the  current  in 
amperes  by  the  ammeter  in  the  main  circuit,  Aj  is  the  current  in  amperes  by 
the  ammeter  in  the  circuit  having  self-induction,  and  A._,  is  the  ammeter 
reading  of  the  current  in  the  non-inductive  shunt.  The  above  two  methods 
of  measuring  power  in  an  alternating  current  circuit  have  the  disadvantage, 
in  common,  that  a  small  error  in  either  the  ammeter  or  voltmeter  readings 
introduces  a  large  error  into  the  result,  which  depends  on  the  squares  of  the 
readings.  The  drop  in  the  series  circuit  of  the  induction  meter  is  measured 
by  means  of  a  low-reading  voltmeter  suitable  for  measuring  alternating 
current  pressures. 

Testing  Meters  m  situ. — A  meter  may  give  satisfactory  results  when 
checked  at  the  station,  and  yet  may  develop  serious  faults  after  some  months 
of  continued  use  under  the  conditions  which  obtain  in  practice.  It  is,  there- 
fore, not  only  desirable  but  important  to  systematically  test  the  accuracy  of 
a  meter  while  in  circuit.  Such  periodical  tests  show  at  once  the  condition 
of  a  meter,  and  are  the  only  means  by  which  faults  can  be  detected.  For 
testing  meters  iii  dtu  a  stop-watch,  a  portable  testing  instrument,  and  a 
testing  load  are  required.  The  testing  load  usually  consists  of  resistances, 
or  a  number  of  lamps,  arranged  in  a  portable  case  provided  with  quick- 
break  switches  for  varying  the  load.     The  testing  instrument  may  be  either 
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a  portable  standard  wattmeter,  or  a  testing  set  eonsisting  of  a  combined 
voltmeter  and  anniieter  of  the  moving  coil  type,  having  various  ranges.  For 
an  alternating  current  circuit  the  wattmeter  should  invariably  be  used. 

The  test  may  be  conducted  in  one  of  two  ways  :  either  the  consumer's 
lamps  may  be  used  for  the  load,  when  the  testing  instruments  must  be 
placed  in  the  installation,  or  a  separate  circuit  must  be  branched  off  the 
supply  mains  and  the  meter  placed  in  it  together  with  the  artificial  load  and 
wattmeter,  or  ammeter  and  voltmeter.  This  latter  method  should  always 
be  employed,  as  it  is  independent  of  the  consumer's  load.  With  either 
method  it  is  necessary  to  interrupt  the  consumer's  circuit  at  the  start  and 
finish  of  the  test,  unless  special  connections,  called  test  terminals,  have  been 


Fig.  303. 


installed  with  the  meter.  These  connections  consist  of  terminals  with  short- 
circuiting  bars  or  plugs,  and  they  are  either  moinited  in  a  separate  and 
portable  form  on  a  slate  or  marble  base,  or  are  permanently  attached  to  the 
meter.  By  their  aid  the  operations  incident  to  changing  the  meter  from  one 
circuit  to  the  other  and  re-inserting  it  in  the  installation,  or  replacing  it  by 
a  new  meter,  may  be  rapidly  and  easily  performed  without  any  interruption 
to  the  consumer's  circuit.  These  testing  connections  are  largely  use^  on  the 
Continent,  and  are  made  by  many  Continental  manufacturers,  differing  only 
in  form,  arrangement,  and  the  number  of  interconnections  which  have  to  be 
made.  The  test  terminals  of  the  Deutsch-Russische  Elektricitiitszahler- 
Cesellschaft,  Cermany,  are  of  very  simple  form,  and  may  be  regarded  as 
typical  of  this  class  of  meter  accessory  ;  they  also  have  the  advantage  tliat 
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only  one  screw  plug  need  be  manipulated  in  short-circuiting  tlie  meter,  or  in 
opening  and  closing  a  current  circuit.  The  general  appearance  of  the  test 
terminals  made  by  this  company  will  be  gathered  from  the  illustrations  in 
Fig.  303,  of  which  the  upper  set  is  for  a  two-wire  circuit,  and  the  lower  one 
represents  the  arrangement  for  a  three-wire  network.  Referring  to  the  two- 
wire  test  terminals  in  Fig.  303,  the  ends  of  the  main  current  circuit  of  the 

A  B  C  D 


Fig.  304. 


meter  are  brought  to  the  terminals  I  and  III  at  the  top,  and  the  terminals 
I  and  II  are  connected  by  the  bottom  screws  to  one  of  the  supply  mains.  The 
shunt  terminal  of  the  meter  is  connected  to  the  terminal  IV,  which  is  joined 
to  the  other  supply  main.  In  this  position,  with  the  screw  plug  a  inserted  in 
its  hole  a  between  the  terminals  II  and  III,  the  meter  is  connected  to  the  installa- 


*r''-^ 


Fio.  305. 

tion  for  everyday  use,  as  shown  diagrammatically  at  A  in  Fig.  304.  When 
the  meter  is  to  be  tested  on  the  artificial  load,  the  screw  plug  b,  Fig.  303,  is 
first  placed  in  the  hole  b'  between  the  terminals  I  and  II,  as  illustrated  by  the 
diagram  at  B  in  Fig.  304.  The  meter  is  now  short-circuited,  and  can,  if 
necessary,  be  entirely  disconnected  and  a  new  one  inserted  in  its  place.  The 
screw  plug  a,  Fig.  303,  is  then  removed  from  the  hole  a',  and  the  meter  is 
ready  for  testing  on  the  artificial  load,  after  the  necessary  connections  have 


METER   TESTING. 


315 


been  made,  as  shown  by  the  diagram  at  C  in  ¥ig.  304.  The  diagram  at  D 
ilhistrates  the  case  when  the  meter  is  to  be  tested  on  the  load  of  the  installa- 
tion. The  three- wire  test  terminals  may  be  used  in  a  similar  manner.  Fig. 
305  is  a  diagram  giving  the  actual  connections  between  the  test  terminals 
and  the  terminals  of  this  company's  two- wire  meter.  The  shunt  wire  from  the 
+  main  to  the  test  terminal,  as  in  the  diagram,  must  be  of  sufficient  size  to 
carry  the  whole  testing  current,  as  it  will  be  seen,  on  reference  to  diagram  C, 
Fig.  304,  that  this  current  passes  through  the  shunt  connection  when  the 
meter  is  under  test  on  the  artificial  load. 

Aron  Portable  Meter. — For  taking  time  tests  a  portable  standard  meter 
is  very  useful,  such  as  the  Aron  portable  type,  illustrated  in  Fig.   306.     It 


Fig.  306. 


differs  in  a  few  details  from  the  ordinary  meter.  The  pendulums  are  balanced 
by  counterweights,  and  controlled  by  flat  springs  which  oscillate  with  the 
pendulums.  One  end  of  each  spring  is  fixed  to  the  pendulum  rod,  and  the 
other  end  is  attached  to  a  support  on  the  clock  frame.  These  flat  springs, 
which  are  also  being  introduced  into  the  ordinary  house-service  meter,  enable 
a  much  higher  oscillation  difference  per  hour  to  be  obtained  than  in  the 
ordinary  type  with  gravity-controlled  pendulums,  in  which  it  amounts  to 
about  3000.  The  sensitiveness  of  the  meter  is  tlius  largely  increased.  The 
portable  type  may  be  placed  almost  in  any  position  without  producing  any 
adverse  result  in  its  registrations,  the  variation  not  exceeding  2J  per  cent. 
The  slight  inequalities  in  level  usually  found  in  practice  will,  therefore, 
not  affect  its  accuracy.  These  instruments  are  generally  provided  with 
two  shunt  circuits  to  enable  them  to  be  used  on  two  different  voltages.     They 
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can  be  arranged  with  four  different  pressure  circuits,  and  for  l)oth  alternating 
and  direct  current  up  to  400  amperes. 

Thomson  Portable  Meter. — For  tram-car  testing  under  running  con- 
ditions, and  for  other  classes  of  work  requiring  a  portable  instrument,  the 
British  Thomson-Houston  Company  use  their  meter  illustrated  in  Fig.  307. 


Fig.  30/ 


The  meter  is  suspended  within  the  case  by  metallic  springs,  which  aKsorb  the 
jars  and  vibrations.  For  general  car-testing  the  25-ampere  size  is  mostly 
used. 

In  making  a  test  with  a  standard  meter  the  same  care  nnist  be  taken  as 
regards  the  connections  of  the  pressure  circuits  of  the  meter  under  test  and 
the  standard  as  with  a  wattmeter,  or  ammeter  and  voltmeter.  These  pressure 
circuits  must  be  so  connected  together  in  parallel  across  the  mains,  that  the 
currents  they  take  do  not  flow  in  the  main  circuit  of  either  instrument. 


APPENDIX. 


Percentage  Errors  of  Continuous  Current  Three-wire 
Energy  Motor  Meters  (see  page  26). 

Table  A, — Armature  circuit  of  meter  connected  across  the  outer  conductors  of  the 
three-wire  system, — i.e.  energised  by  the  total  three-wire  voltage. 


Difference  of  Pressure 

Percentage  Error. 

between  the  Two  Sides 

expressed  as 

I'ercentage  of  the  Total 

Three-wire  Voltace 

10  per  cent. 

15  per  cent. 

20  per  cent.          ! 

Out-of-Balance 

Out-of-Balance 

Out-of-Balance 

i. 

Current. 

Current. 

Current. 

0      • 

0 

0 

0 

1 

0-053 

0-081 

0-111 

2i 

0-132 

0-.203 

0-278 

0 

0-264 

0-407 

0-559 

10 

0-5-29 

0-817 

1-123               i 

15 

0-796 

1  -229 

1-695 

-20 

1-064 

1-648 

2-272 

Xote.  —The  meter  reads  high. 

T.\HLK  1>. — Armature  circuit  of  meter  connected  between  tlie  neutral  main  and  one 
of  the  two  outer  conductors,  and  energised  by  the  greater  of  the  two  voltages. 


Difference  of  Pressure      \                                       Percentage  Error. 

expressed  as 
Percentage  of  the  Total          ^  ^  ^  I'^^'.^f  ^^- 
Three-wire  Voltage.              Out-of-Balance 
Current. 

i 

1 5  per  cent. 

Out-of-Balance 

Current. 

20  per  cent. 

Out-of-Balance 

Current. 

0 

1-112 

2-785 

5-586 
11-236 
16-949 
22-727 

i 

0  0 

1  ;              1-053 
2^                                   2-635 
5                      1              5-277 

!                       10                       1            10-582 
15                                   15-915 
!                       20                       I            21-276 
1                                                  1 

0 

1-090 

2-708 

5-427 

10-899 

16-415 

21-978 

Note. 


-The  meter  reads  high 
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Table  C. — Armature  circuit  of  meter  connected  between  the  neutral  main  and  one 
of  the  two  outer  conductors,  and  energised  by  the  smaller  of  the  two  voltages. 


Difference  of  Pressure 
between  the  Two  Sides 

expressed  as 

Percentage  of  the  Total 

Three-wire  Voltage. 

Percentage  Error. 

10  per  cent. 

Out-of-Balance 

Current. 

15  per  cent. 

Out-of-Balance 

Current. 

20  per  cent. 

Out-of-Balance 

Current. 

0 

5 

10 

;               15 

20 

0 

0-948 
2-371 
4-749 
9-523 
14-323 
19-149 

0 

0-920 
2-308 
4-613 
9-264 
13-953 
18-681 

0 

0-889 
2-229 
4-469 

8-988 
13-559 
18-181 

Note. — The  meter  reads  low. 

The  above  tables  are  based  on  the  article  "  Behaviour  of  Contimioiis 
Current  Three-wire  Energy  Motor  Meters"  on  page  26,  Chapter  II.,  from 
which  they  can  be  readily  verified. 


NEW   ELECTROLYTIC   METERS. 

Since  going  to  press  some  interesting  electrolytic  meters,  embodying 
several  novel  features,  have  been  brought  out  by  Messrs  Mordey  &  Fricker 
and  by  Mr  S.  H.  Holden,  the  details  of  which  were,  however,  received  too 
late  for  publication.  For  this  reason  only  a  passing  reference  can  be  made 
to  them.  A  very  good  description  of  the  Mordey-Fricker  prepayment  electro- 
lytic meter  will  be  found  on  page  549  of  the  Electrical  Review,  vol.  57,  1905  ; 
and  for  the  features  of  the  Holden  meters  the  reader  is  referred  to  the 
paper,  "  Two  New  Electricity  Meters,"  read  by  Mr  Holden  at  the  meeting, 
December  13,  1905,  of  the  Birminyham  Section  of  the  Institution  of  Electrical 
Engineer><. 


INDEX, 


Accuracy,  4. 

Acme  direct  current  meter,  80. 

A.C.T.  induction  meter,  171. 

spindle  and  pivot  of,  286. 

three-phase  meter,  201. 
Allgemeine  Elektricitiits-Gesellschaft,  Berlin 

{see  Electrical  Company's  meters). 
Alternating   current    meters  {see   Induction 

meters). 
Ampere-hour  electrolytic  meter — 

Bastian,  32. 

Holden,  318. 

law  of  the,  19. 

Mordey-Fricker,  318. 

Wright,  29. 
Ampere-hour  motof  meter — 

Chamberlain  and  Hookham,  34. 

Eclipse,  47. 

Electrical  Company's,  46. 

Ferranti,  37. 

general  description  and  classification  of, 
33. 

Hartmann  &  Braun,  48. 

law  of  the,  21. 
Ampere-hour    oscillating    meter  —  Mordey- 
Fricker,  50. 
Armature   shaft    and    detachable   pivot    of 

Duncan  meter,  287. 
Aron  clock  meter — 

battery  types,  95. 

liouse-service  type,  70. 

maximum  demand,  248. 

polyphase  (three-  and  four-wire),  194. 

portable,  315. 

spring  cyclometer  counter  of,  298. 

switchboard,  103. 

tram-car,  108. 

two-rate,  272. 
Aron  induction  motor  meter,  154. 
Atkinson-Schattner  maximum  demand  indi- 
cator, 250. 

l^ALL  bearing  of  Electrical  Company's  meter, 
287. 
of  ScheefFer  meter,  287. 
of  Westingliouse  meter,  287. 
Bastian  electrolytic  meter,  32. 
Bat  induction  meter,  155. 
polyphase  meters  (three-  and  four-wire), 
199. 


Bat  two-rate  meters,  279. 
Battery  meters — 
Aron,  95. 

Deutsch-Russische,  97. 
Miller  reversible,  96. 
O'K.,  97. 

Siemens-Schuckert,  99. 
Battery  systems — 

British  Thomson-Houston  one-meter,  94. 
two-meter,  with  ratchet  and  pawl,  92. 
Avithout   ratchet    and    pawl   (Electrical 
Company),  92. 
Bearings — 

Duncan  '  Visual, '  293. 
jewel,  287. 
meter,  287  et  seq. 
Siemens-Schuckert,  289. 
Stanley  rotated,  295. 
Thomson,  289. 
Beaumont,  F.  J.  (prepayment  meter),  223. 
Behaviour  of  continuous  current  three -wire 
energy  motor  meters,  26. 
of  three-phase  three- wire  induction  meters 

on  inductive  loads,  188. 
of  three-phase   three- wire  meter  wrongly 

connected,  190. 
of    three -wire     single -phase     induction 
meters,  114. 
Board  of  Trade — 
eiTor  limits,  5. 
meters  approved  by,  16. 
unit,  1. 
Braulik,      G.,     meters     of     {sec     Luxsche 

Industriewerke). 
British  Thomson -Houston  Company — 
A.C.T.  induction  meter,  171. 
O'K.  ampere-hour  meter  (two-wire),  43. 

(three-wire),  45,  46. 
one-meter  battery  systems,  94. 
prepayment  meter,  227. 
Thomson  house-service  meter,  type  A,  54. 
polyphase  meter,  206. 
portable  meter,  316. 
switchboard  (astatic)  meters,  100. 
tram-car  meter,  107. 
two-meter    battery   system   with    ratchet 

and  pawl,  92. 
two-rate  meters,  279. 
Brush-Gutmann  induction  meter,  157. 
Brush-Sangamo  mercury  motor  meter,  87. 
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Calibration,  permanency  of,  7. 
Capacity  of  a  meter,  15. 
Chamberlain  &  Hookham — 
alternating  current  meter,  149. 
ampere-hour  meter,  34. 
battery  system,  92. 
prepayment  meter,  235. 
switchboard,  99. 
two-rate  meter,  268. 
watt-hour  mercury  motor  meter,  89. 
Charging,  systems  of  {see  Tariff"  systems). 
Chemical  meter,  law  of  the,  19. 
Classifications  of  meters,  1. 
Clock  meter,  Aron,  70,  95,  103,  108,  194, 
248,  272,  315. 
law  of  the,  23. 
Clock  meters  for  special  purposes,  suitability 

of,  15. 
Compagnie  Anonyme  Continentale  pour  la 
Fabrication  des  Compteurs,  Paris — 
induction  meters,  types  B.L.  and  I.R.,  177. 
Vulcan  ordinary  meter,  61, 
prepayment  meter,  230. 
Compagnie  pour  la   Fabrication  des  Comp- 
teurs, Paris — 
A.C.T.  induction  meter,  171. 
O'K.  ampere-hour  meter  (two-wire)  43, 
battery  meter,  97. 
compounded  meter,  44. 
three-wire  meter,  46. 
prepayment  meter,  243. 
Thomson  meter,  55. 
two-rate  meters,  274, 
Comparison    of    equations    for    three-phase 
systems  with    three    and  with   four 
conductors,  131. 
Compensation,  over-  and  under-,  134, 
Condition    for  use  of  one  single-phase  in- 
duction   meter    (three-})liase     three- 
wire  system),  189, 
Constant,  testing,  303. 
Continuous  current  meter,  IS  ef,  seq. 
Criterions  of  a  meter,  10. 
Current  and   pressure   transformers,  meteis 

with,  183. 
Current,  properties  of  a,  2. 
Cyclometer  counter,  298. 
Aron  spring,  298, 
Siemens-Schuckert  weight,  299. 

Design  of  meters,  mechanical,  284. 
Deutsch-RussischeElektricitatsziihler-Cesell- 
schaft — 
battery  meter,  97. 
direct  current  meter,  type  E.,  83. 
induction  meter,  145. 
step-taritf  meter,  262. 
three-phase  meter,  201. 
tram-car  meter,  108. 

tAvo-rate    meter    (electrically    connected), 
257. 
(mechanically  connected),  259. 
Dial  register,  298. 
Double-tariff  meters  {see  Two-rate  meters). 


Duuble-taritt' systems  (.sre  Two-rate  systems). 
Driving  torque,  21. 

values  of: — ('.C.    quantity  motor  meters, 
Table  I.,  12. 
C.C.  energy  motor  meters,  Table   II., 

13. 
single  phase    induction    meters,    Taltle 
III.,  14, 
Duncan,  T.,  8. 
Duncan  watt-hour  meter,  57. 

armature  shaft  and  detacliable    pivot   of, 

287. 
visual  bearing  of,  293. 

Eclipse    ampere-hour    motor    metei-,   type 
C.R.,47. 
induction     meters,     types      F.E.C.    and 

F.E.M.,  180. 
watt-hour  meters,  62. 
Effect    of    over-compensation     and    under- 
compensation, 134. 
of  wrongly  connecting  a  three-phase  three- 
wire  meter,  190. 
Electrical  Company's  meters — 
ampere-hour,  type  R.A..  46. 
ball  bearing  of,  287. 
cyclometer  counter  of,  298. 
induction,  type  K.J.,  135. 
oscillating,  types  K.G.  and  G.,  77. 
switchboard,  103. 
three-phase,  200. 
two-meter  battery  system,  92. 
two-rate,  263. 
Electrical  energy,  18. 

quantity,  18. 
Electrical  Standards  Laboratory,  5. 
Electro-magnetic  action,  20. 

meters,  2. 
Electrolytic  meter,  15. 
Bastian,  32. 
Holden,  318. 
law  of  the,  19. 
Mordey-Fricker,  318. 
Wright,  29. 
Energy,  electrical,  18. 
Equations,  general,  18. 

for  a  three-phase  three-wire  star  system, 

120. 
for  a  three-phase  three-wire  delta  system, 

125. 
for  a  three-phase  three-wire  system  with 

four  conductors,  ]  28. 
for     a      three-phase     three-wire     system 
with  three  and  with  four  conductors 
(comparison  of),  131. 
Error,  calculation  of  percentage,  305. 
Ihnits,  5. 

of  the  Boaid  of  Trade,  5. 
of  the  Physikalisch-Technische  Reichs- 
anstalt,  Germany,  6. 
Errors,   percentage  (C.C.  three-wire  energy 

motor  meters),  317. 
Ever.shed  frictionless  motor  meter,  66. 
magnetic  suspension,  297. 
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Fekeanti  ampei-e-liour  motor  meters,  37. 
Ferranti-Hamilton  induction  meter,  160. 
Flat  rate  systems,   with  and  without  dis- 
counts, 210. 
Fort  Wayne  induction  metei-,  ty])e  K,  162. 
type  W,  164. 

polyphase  meter,  202. 

prepayment  meter,  231. 
Fricker  ampere-hour  meter,  50. 

electrolytic  prepayment  meter,  318. 

maximum  demand  indicator,  261. 

prepayment  meter  (clock  type),  237. 
Friction,  elimination  of,  65. 
Frictional  resistances  (motor  meter),  53. 
Frictionless  motor  meter,  Evershed,  66. 
Function  of  an  electricity  meter,  1. 

Geipel  &  Lange— 

Vulcan  house-service  meter,  61. 
prepayment  meter,  230. 
General  Electric  Company,  U.S.A. — 

high-torque  induction  meter  of,  164. 

pivot  used  in  meters  of,  286. 

polyphase  meter  of,  206. 

prepayment  meters  of,  241. 

switchboard  (astatic),  101. 

Thomson  meter  of,  56. 

tram-car  meter  of,  107. 

two-rate  meter  of,  266. 
General  equations,  18. 

General    principles    of   continuous    current 
meters,  18. 

of  single-phase  and  polj'phase  induction 
meters,  109. 
Guarantee,  9. 

Gutmann     induction     meter    {see     Brush- 
Gutmann),  157. 

Halle  tariff  system  (A.  Jung),  215. 
Hartmann  &  Braun  ampere-hour  meter,  48. 

energy  meter  (C.C. ),  68. 

induction  meter,  139. 
Heating  effect  of  a  current,  2,  25. 
Holden  meters,  318. 
Hookham     meters    {see     Chamberlain    and 

Hookham). 
Hookham,      G.,      on     permanent      magnet 

circuits,  7. 
Hopkinson,  Dr  John,  209. 
Hour  meter  system,  218. 

meters,  280. 

Importance  of  meters,  2. 
Induction  meters — 

A.C.T.,  171. 

Aron,  154. 

Bat,  155. 

Brush  -  Gutmann  ,157. 

condition    for    use    of  one    single-phase, 
(three-phase  three-wire  system),  189. 

Deutsch-Russische,  145. 

Eclipse,  types  F.E.G.,  F.E.M.,  180. 

Electrical  Company's,  135. 

Ferranti-Hamilton,  160. 


Induction  meters- 
Fort  Wayne,  162. 

general  desciiption  of,  133. 

Hartmann  &  Braun,  139. 

Hookham,  149. 

law  of  the.  111. 

Mix&Genest,  148. 

Scheeffer,  165. 

Siemens-Schuckert,  140. 

Stanley,  166. 

Thomson  high-torque,  164. 

types  B.L.  and  I.R.,  177. 

Westinghouse,  149. 
Inductive  and  non-inductive  loads,  114. 
Inductive  loads,   behaviour  of  three-phase 

three-wire  meters  on,  188. 
Integi-ating  mechanisms,  2,  297. 
Intermittent  integration,  2. 
International  Electric  Company's  meters  {see 

Mix  &  Genest). 
Introductory  and  general  remarks,  1. 

Joule's  law,  26. 

Jung,  A.  (Halle  tariff  system),  215. 


Kallmann, 
212. 


Dr    M.    (step-tariff    system), 


Law  of  the  chemical  (electrolytic)  metei', 
19. 
clock  meter,  23. 
induction  meter.  111. 
magnetic  brake,  7. 
motor  meter  with  brake,  21. 
without  brake,  23. 
Losses  in  a  meter,  determination  of  the,  311. 
series  and  shunt,  9,  11. 
values  of  shunt.  Table  II.  (C.C),  13. 
Table  III.  (A.C.),  14. 
Luxsche  Industriewerke,  meters  of  the — 
Eclipse  ampere-hour,  47. 
induction,  180. 
double-tariff,  279. 
watt-hour,  62. 

Magnet,  retentivity  of  permanent,  7. 
Magnetic  brake,  law  of  the,  7. 

field,  rotatory,  110. 

suspension,  Evershed,  297. 
Stanley,  294. 
Manchester  system,  211. 
Maximum  demand  indicators — 

approved  by  the  Board  of  Trade,  17. 

Aron,  248. 

Atkinson-Schattner,  250. 

definition  of,  248. 

Fricker,  251. 

Merz,  256. 

Reason  electro-magnetic,  256. 

Wright,  252. 
Maximum  demand  system,  211. 
Measurement  of  polypliase  power,  120. 
Mechanical  design,  general,  284. 
Mercury  electrolytic  meter  (Wright),  29. 

21 


322 


INDEX. 


Mercury  motor  meters  (ampere-hour) — 
Chamberlain  &  Hookham,  34. 
Ferranti,  37. 
(watt-hour) — 

Brush- Sangamo,  87. 
Chamberlain  and  Hookham,  89. 
Meter  bearings,  287. 
Meters- 
approved  by  the  Board  of  Trade,  16. 
battery,  91,  95,  96,  97,  99. 
calculation  of  percentage  error  in,  305. 
capacity  of,  15. 
chemical,  law  of,  19. 
classification  of,  1,  2. 
clock,  15,  23,  70,  95,  103,  108,  194,  248, 

272,  315. 
continuous    current,    general    principles, 
18-27. 
quantity,  28-51. 
continuous  current  energy,    of   different 
types,  70-90. 
energy  motor  type,  26,  52-69. 
criterions  of,  10. 
design  of,  mechanical,  284-300. 
electrolytic,  19,  29,  32,  318. 
electro-magnetic,  20. 
importance  of,  2. 
induction,  132-184. 
limits  of  error  in,  5,  6. 
losses  in,  9,  311. 

motor,  21,  33,  34,  37,  46,  47,  48, 
with  brake,  law  of,  21. 
without  brake,  law  of,  23. 
oscillating,  50,  77. 
polyphase,  185-208. 
prepayment,  222-247. 
quantity,  28. 
selection  of,  11. 

single-phase  and  polyphase,  general  prin- 
ciples, 109-131. 
single-phase  induction,  132-184. 
some  requisites  of,  3. 
switchboard,  99. 
tariff  and  hour,  248-283. 
testing,  301-316. 
tram-car,  107. 

with  current  and  pressure  transformers,  1 83. 
Miller  reversible  battery  meter,  96. 
Mix  &  Genest  direct  current  energy  meter,  63. 

induction  meter,  148. 
Mordey-Fricker  meters  {see  Fricker). 
Motor  meter  with  brake,  law  of,  21. 
Avithout  brake,  law  of,  23. 

Non-inductive  and  inductive  loads,  114. 

O'K.  BATTERY  meter,  97. 

compounded  meter,  44. 

three-wire  meter,  45. 

twO'-wire  meter,  43. 
Over-  and  uuder-compensation,  134. 

Pelottx  meter  (Siemens-Schuckert),  85. 
Percentage  errors  of  C.C.  three-wire  energy 
motor  meters,  317. 


Permanency  of  calibration,  7. 

Phase  compensation,  methods  of,  133. 

difference    between    pressure    and    main 
current  fields,  133. 
Physikalisch-Technische  Reichsanstalt,  Ger- 
many, error  limits  of  the,  6. 
Pivot  of  meter  of  General  Electric  Comj)any 

(U.S.A.),  286. 
Polyphase  meters,  185. 

A.C.T.,  201. 

Aron,  194. 

Bat,  199. 

Deutsch-Russische,  201. 

Electrical  Company,  200. 

for  a  three-phase  four- wire  system,  187. 

Fort  Wayne,  202. 

general  description,  187. 

Siemens-Schuckert,  202. 

Thomson,  206. 

Westinghouse,  207. 
Polyphase  power,  measurement  of,  120. 
Portable  meters — 

Aron,  315. 

Thomson,  316. 
Prepayment  meters — 

Beaumont,  223. 

British  Thomson-Houston,  227. 

Fort  Wayne,  231. 

general  description,  222. 

Hookham,  235. 

Mordey-Fricker,  237. 

Reason,  239. 

Vulcan,  230. 

Watson,  243. 
Prepayment  system,  218. 
Pressure  transformers,  meters  with  current 
and,  183. 

Quantity  meter — 
advantage  of,  28. 
classification  of,  28. 
definition,  28. 

meters  {see  Electrolytic  and  ampere-hour 
motor  meters). 

Reason  Manufacturing  Company — 
electrolytic  meter  (Wright),  29. 
maximum  demand  indicators — 
electro-magnetic,  256. 
Merz,  256. 
Wright,  252. 
prepayment  meter,  239. 
Register,  dial,  298. 

Registers,   meter   {see   Integrating  mechan- 
isms), 297. 
Requisites  of  a  meter,  3. 
Retarding  torque  of  magnetic  brake,  7,  22. 
Rotating  vectors.  111. 
Rotatory  magnetic  field,  110. 

Sangamo  mercury  motor  meter  {see  Brush- 

Sangamo),  87. 
Scheeffer  induction  meter,  165. 
ball  bearing  of,  287. 
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Selection  of  a  meter,  11. 
Series  loss,  9. 
Shafts  and  pivots,  286. 
Shunt  loss,  9. 

values  of  (C.C.  meters,  Table  II.),  13. 
(A.C.  meters,  Table  III.),  14. 
Siemens- Schuckert  meters — 

battery,  99. 

bearing  and  locking  device  of,  289. 

continuous  current  (types  G.B.  and  G.K.), 
64. 

induction,  type  W.B.J.,  140. 
type  W.,  141. 
type  Wa.,  143. 

intermittent  integrating  meter,  2,  105. 

Peloux,  85. 

polyphase,  202. 

switchboard,  104. 

two-rate,  270. 

weight  cyclometer  counter  of,  299. 
Single- phase     alternating    current     meters 
{see  Induction  meters). 

power  and  energy,  109. 
Spindle  and  pivot  of  A.C.T.  meter,  286. 
Stanley  induction  meters,  166. 

magnetic  suspension,  294. 

rotated  jewel  bearing,  295. 
Step-tariff  meter  (Deutsch-Russische),  262. 

system   of  charging  (Dr   M.    Kallmann), 
212. 
Supply,  unit  of,  1. 
Switchboard  meters,  99. 

Tariff  and  hour  meters,  248-283. 
Tariff  systems — 

flat  rate,  with  and  without  discounts,  210. 

general,  209. 

Halle  (A.  Jung),  215. 

hour  meter,  218. 

Manchester,  211. 

maximum  demand  (Wright),  211. 

prepayment,  218. 

step-tariff  (Dr  M.  Kallmann),  212. 

two-rate,  217. 
Test  terminals,  313. 
Testing  (general  remarks),  9,  301. 

constant,  meaning  of,  303. 

meters  in  situ,  312. 

motor  meters,  307. 

oscillating,       clock,       and       electrolytic 
meters,  310. 
Thermal  effect,  25. 
Thomson  meter — 

British  Thomson- Houston  Co.,  54. 

Compagnie  pour  la  Fabrication  des  Comp- 
teurs,  Paris,  55. 

General  Electric  Co.,  U.S.A.,  56. 

high-torque  induction,  164. 

jewel  bearing  of,  289. 

polyphase  induction,  206. 

portable,  316. 

switchboard,  100. 

tram-car,  107. 
Three-phase  four- wire  system,  128. 


Three-phase    three-wire    meter,     effect     of 

ivrongly  connecting  a,  190. 
Three-phase  three-wire  systems — 

delta,  125. 

star,  120. 
Three-wire  meters — 

behaviour  of  (C.C.  energy  motor  type), 
26. 

electrolytic  (Wright),  31. 

O'K.,  45. 

single-phase  induction,  114. 
Time  meters  {see  Hour  meters),  280. 
Torque,  driving,  21. 

retarding  (magnetic  brake),  7,  22. 

values  of  driving  (Tables  I.-III.),  12-14. 
Tram-car  meters,  107. 
Transformers,     meters    with    current    and 

pressure,  183. 
Two-phase  system,  127. 
Two-rate  meters — 

Aron,  272. 

Comx)agnie  pour  la  Fabrication  des  Comp- 
teurs,  Paris,  274, 

Deutsch-Russische,  257. 

Electrical  Company,  263. 

general  description  of,  257. 

General  Electric  Co.,  U.S.A.,  266. 

Hookham,  268. 

Luxsche  Industriewerke,  279. 

Siemens-Schuckert,  270. 
Two-rate  system,  217. 

Union      Electric    Company's    meters    {see 

Hartmann  &  Braun). 
Units,  supply,  1. 


Vectors,  rotating.  111. 
Vulcan  house-service  meter, 
prepayment  meter,  230. 


61. 


Watson  prepayment  meter,  243. 
Watt-hour  meters  (continuous  current) — 

Acme,  80. 

Aron,  70. 

Brush-Sangamo,  87. 

Chamberlain  &  Hookham,  89. 

Deutsch-Russische,  83. 

Duncan,  57. 

Eclipse,  62. 

Evershed,  QQ. 

Hartmann  &  Braun,  68. 

Mix  &  Genest,  63. 

oscillating  (Electrical  Co.),  77. 

Peloux  (Siemens-Schuckert),  85, 

Siemens-Schuckert,  64. 

Thomson  (B.  T.-H.  Co.),  54. 
(G.  E.  Co.,  U.S.A.),  56. 

Vulcan,  61. 
Westinghouse  meter,  ball  bearing  of,  287. 

polyphase,  207. 

single- phase  induction,  149. 
Wright  electrolytic  meter,  29. 

maximum  demand  indicator,  252. 
system,  211. 
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Fourth    Edition,   Revised^   with   Numerous  Diagrams^   Exajuples^  and 
Tables^  and  a  Chapter  on  Foundations.     In  Large  Svo.     Cloth.     i6j. 

THE  DESIGN  OF  STRUCTURES: 

A  Practical  Treatise  on  the  Building  of  Bridges,'  Roofs,  &c. 
By    S.    ANGLIN,    C.E., 

Master  of  Engineering,  Royal  University  of  Ireland,  late  Whitworth  Schc^ar,  &C. 
"We   can  unhesitatingly  recommend  this  work  not  only  to  the  Student,  as  the  best 
Tkxt-Book  on  the  subject,   but  also  to  the  professional  engineer  as  an  exckbdinglv 
VALUABLE  book  of  xei&x^ncft.'''— Mechanical  World. 


In  Large  Crown  8vo.     Handsome  Cloth.     With  201  Illustrations.     6s.  net. 
AN  INTRODUCTION  TO 

THCS   DSSIGM^   OF  SSiLIVIS, 

GIRDERS,  AND   COLUMNS 

IN  MACHINES  AND  STRUCTURES. 

With  Examples  in  Graphic  Statics. 

By  WILLIAM  H.  ATHERTON,  M.Sc,  M.LMech.E. 

"A  very  useful  source  of  information.     ...    A  work  which  we  commend  rery 
highly."— A^aittre. 


Third    Edition,    Thoroughly   Revised.      Royal  Svo,       With  numerous 
Illustrations  and  13  Lithographic  Plates.     Handsome  Cloth.     Price  30J. 

A    PRACTICAL    TREATISE    ON 

BRIDGE-CONSTRUCTION: 

Being  a  Text-Book  on  the  Construction  of  Bridges  in  Iron  and  Steel. 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 
By   T.   CLAXTON     FIDLER,    M.Inst.  C.E., 

Prof,  of  Engineering,  University  College,  Dundee 

"The  new  edition  of  Mr.  Fidler's  work  will  again  occupy  the  same  conspicuous 
POSITION  among  professional  text-books  and  treatises  as  has  been  accorded  to  its  pre- 
decessors.    Sound,  simple,  and  full." — The  Engineer. 


In  Meditwi  Svo.     Pp.  t-xv  +  248,  fully  Illustrated.     Price  \os.  6d.  net, 

CONSTRnCTMAL  STEELWORK : 

Being  Notes  on  the  Practical  Aspect  and  the  Principles  of  Design,  together 
with  an  Account  of  the  Present  Methods  and  Tools  of  Manufacture. 

By   a.    W.    FARNSWORTH, 

Associate  Member  of  the  Institute  of  Mechanical  Engineers. 

"A  worthy  volume,  which  will  be  found  of  much  assistance.      ...     A  book  of 
particular  value." — Practical  Engineer. 

lONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRAND, 


ENGINEERING  AND  MECHANICS.  27 

In  Large  8vo.     Handsome  Cloth,  Gilt,  Uniform  with  Stability  of  Ships 

and  Steel  Ships  (p.  38).      With  34  Folding  Plates  and  468 

Illustrations  in  the  Text.     30s.  net. 

The  Principles  and  Practice  of 

DOCK    ENGINEERING. 

By  BRYSSON  OUNNINGHAM,  B.E.,  Assoc. M.Inst.C.E., 

Of  the  Engineers'  Department,  Mersey  Docks  and  Harbour  Board. 

GENERAL   CONTENTS. 

Historical  and  Discursive.  —  Dock  Design.— Constructive  Appliances. — 
Materials. — Dock  and  Quay  Walls. — Entrance  Passages  and  Locks. — 
Jetties,  Wharves,  and  Piers. — Dock  Gates  and  Caissons. — Transit  Sheds 
and  Warehouses.  —  Dock  Bridges.  —  Graving  and  Repairing  Docks.  — 
Working  Equipment  of  Docks.  — Index. 

•'We  have  never  seen  a  more  profusely-illustrated  treatise.  It  is  a  most  important 
standard  work,  and  should  be  in  the  hands  of  all  dock  and  harbour  engineers." — Steamship. 

"Will  be  of  the  greatest  service  to  the  expert  as  a  book  of  reference."— JB^n^rtneer. 


EouRTH  Edition.     In  Two  Parts,  Published  Separately. 
A    TEXT-BOOK    OF 

Engineering  Drawing  and  Design. 

BY 

SIDNEY  H.  WELLS,  Wh.Sc,  A.M.LC.E.,  A.M.LMech.E. 

Vol.  I. — Practical  Geometry,  Plane,  and  Solid.     4s.  6d. 
Voi.  11. — Machine  and  Engine  Drawing  and  Design.    4s.  6d. 
With  many  Illustrations,  specially  prepared  for  the   Work,  and  numerous 
Examples,  for  the  Use  of  Students  in  Technical  Schools  and  Colleges. 

"  A  CAPITAL  TEXT-BOOK,  arranged  on  an  excbllbnt  system,  calculated  to  give  an  intelligent 

fraap  of  the  subject,  and  not  the  mere  faculty  of  mechanical  copying.    .    .    .    Mr.  Wells  shows 
ow  to  make  complete  woEKiNa-DKAWiNGs,  discussing  fully  each  step  in  the  deBign."—Electriail 
Review 


In  Large  Crown  8vo.     Handsome  Cloth.     4s.  6d.  net. 

THE    THERMO-DYNAMIC    PRINCIPLES    OF 
ENGINE  DESIGN. 

By    LIONEL    M.    HOBBS, 

Engineer-Lieutenant,  R.N. ;  Instructor  in  Applied  Mechanics  and  Marine  Engine 
Design  at  the  Royal  Naval  College,  Greenwich. 

Contents.  —  Laws    and    Principles    of  Thermo-Dynamics.  —  Hot- Air 

Engines.— Gas  and  Oil  Engines. — Refrigerating  Machines.— Transmission 

of  Power  by  Compressed  Air.— The  Steam  Engine. — Unresisted  Expansion 

and  Flow  through  Orifices. — Flow  of  Gases  along  Pipes. — Steam  Injectors 

and  Ejectors. — Steam  Turbines.  —AprENDiCES.— Index. 

"The  whole  subject  has  been  very  methodically  dealt  with  throughout.    .    .    .    A  standard 
reference. "—Practical  Enuineer. 

lONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND 
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In  Handsome  Cloth.    With  252  Illustrations.    15s.  net. 

THE  THEORY  OF  THE  STEAM  TURBINE. 

A  Treatise  on  the  Principles  of  Construction  of  the  Steam  Turbine, 
with  Historical  Notes  on  its  Development. 

By  ALEXANDER  JUDE. 

Contents— Fundamental.— Historical  Notes  on  Turbines. — The  Velocity  of  Steam.— 
Types  of  Steam  Turbines. — Practical  Turbines. — The  Efficiency  of  Turbines,  Type  I. — 
Trajectory  of  the  Steam. — Efficiency  of  Turbines,  Types  II.,  III.  and  IV. — Turbine  Vanes. — 
Disc  and  Vane  Friction  in  Turbines. — Specific  Heat  of  Superheated  Steam. — Strength 
of  Rotating  Discs.— Governing  Steam  Turbines. — Steam  Consumption  of  Turbines.— The 
Whirling  of  Shafts. — Speed  of  Turbines. — Index. 

"  One  of  the  latest  text-books    ,     .     .    also  one  of  the  best    .     .     .     there  is  absolutely 
no  padding." — Sir  William  White  in  the  Times  Engineering  Supplement. 


In  Large  Crown  8vo.    Handsome  Cloth.     With  131  Illustrations.    6s.  net. 

LECTURES  ON  THE  MARINE  STEAM  TURBINE. 

Bt  Prof.  J.  HARVAKD  BILES,  M.Inst.N.A., 

Professor  of  Naval  Architecture  in  the  University  of  Glasgow. 
"This  is  the  best  popular  work  on  the  marine  steam  turbine  which  has  yet  appeared." — 
Steamship.  

Works  by  BRYAN  DONKIN,  M.Inst.C.E.,  M.InstMeeh.E.,  &e. 

Fourth  Edition,  Revised  and  Enlarged.     With  additional  Illustrations. 

Large  8vo,  Handsome  Cloth.     25s.  net. 

A    TREATISE    ON 

GAS,  OIL,  AND  AIR  ENGINES. 

By  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Mech.E. 

Contents.— Part  I.— Gas  Engines  :  General  Description  of  Action  and  Parts. — 
Heat  Cycles  and  Classification  of  Gas  Engines. — History  of  the  Gas  Engine. — The 
Atkinson,  Griffin,  and  Stockport  Engines. — The  Otto  Gas  Engine. — Modern  British  Gas 
Engines. — Modem  French  Gas  Engines. — German  Gas  Engines.--Gas  Production  for 
Motive  Power. — Utilisation  of  Blast-furnace  and  Coke-oven  Gases  for  Power. — The  Theory 
of  the  Gas  Engine.— Chemical  Composition  of  Gas  in  an  Engine  Cylinder.— Utilisation  of 
Heat  in  a  Gas  Engine. — Explosion  and  Combustion  in  a  Gas  Engine. — Part  II. — 
Petroleum  Engines  :  The  Discovery,  Utilisation,  and  Properties  of  Oil.— Method  of 
Treating  Oil.— Carburators.— Early  Oil  Engines. — Practical  Application  of  Gas  and  Oil 
Engines.— Part  III.— Air  Engines.— Appendichs.—Indhx. 

"The  best  book  now  published  on  Gas,  Oil,  and  Air  Engines." — Engineer. 

In  Quarto,  Handsome  Cloth.     With  Numerous  Plates.     25s. 

THE  HEAT  EFFICIENCY  OF  STEAM  BOILERS 

(LAND,    MARINE,    AND    LOCOMOTIVE). 

By   BRYAN   DONKIN,   M.Inst.C.E. 

General  Contents.— Classification  of  Different  Types  of  Boilers.— 425  Experiments  on 
English  and  Foreign  Boilers  with  their  Heat  Efficiencies  shown  in  Fifty  Tables. — Fire 
Grates  of  Various  Types. — Mechanical  Stokers. — Combustion  of  Fuel  m  Boilers. — Trans- 
mission of  Heat  through  Boiler  Plates,  and  their  Temperature.— Feed  Water  Heaters, 
Superheaters,  Feed  Pumps,  &c. — Smoke  and  its  Prevention. — Instruments  used  in  Testing 
Boilers. — Marine  and  Locomotive  Boilers. — Fuel  Testing  Stations. — Discussion  of  the  Trials 
and  Conclusions.— On  the  Choice  of  a  Boiler,  and  Testing  of  Land,  Marine,  and  Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

'*  Probably  itie  most  kxhaustive  resumi  that  has  ever  been  collected.  A  fkacticiai. 
Book  by  a  thoroaghly  practical  man."— /ron  and  Coal  Trades  Review. 
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Fourth  Edition,  Revised.     Pocket-Size,  Leather,  12s.  6d. 

BOILERS,  MARINE  AND  LAND; 

THEIR   CONSTRUCTION   AND   STRENGTH. 

A  Handbook  or  Rules,  FoBMUiufi,  Tables,  &c.,  relative  to  Material, 

Scantlings,  and  Pressures,  Safety  Valves,  Springs, 

Fittings  and  Mountings,  &o. 

FOR  THE  USE  OF  ENGINEERS,  SURVEYORS,  BOILER-MAKERS, 

AND  STEAM  USERS. 

By  T.   W.    TRAILL,    M.  Inst.  0.  E.,    F.  E.  K  N., 

Late  Engineer  8urveyor-in-Chief  to  the  Board  of  Trade. 
"  Contains  an  Enokmotjs  Quantity  op  Information  arrranged  in  a  very  convenient  form.  .  .  . 
A  MOST  USEFUL  VOLUME    .    .    .    supplying  information  to  be  had  nowhere  else."— Tfee  ^wflfineer. 


Fifth  Edition.      Large   Crown  8vo.      With  numerous 
Illustrations.    68.  net. 

ENGINE-ROOM    PRACTICE: 

A  Handbook  for  Engineers  and  Officers  in  the  Royal  Navy  and  Mercantile 

Marine,  including  the  Management  of  the  Main  and  Auxiliary 

Engines  on  Board  Ship. 

By  JOHNT  G.  LIVERSIDGE,  R.N.,  A.M.LC.E. 

Contents.— General  Description  of  Marine  Machinery. — The  Conditions  of  Service  and 
Duties  of  Engineers  of  the  Royal  Navy.— Entry  and  Conditions  of  Service  of  Engineers  of 
the  Leading  S.S.  Companies.— Raising  Steam  —Duties  of  a  Steaming  Watch  on  Engines 
and  Boilers.— Shutting  off  Steam. —Harbour  Duties  and  Watches.— Adjustments  and 
Repairs  of  Engines.— Preservation  and  Repairs  of  "Tank"  Boilers.- The  Hull  and  its 
Fittings.- Cleaning  and  Painting  Machinery.— Reciprocating  Pumps,  Feed  Heaters,  and 
Automatic  Feed -Water  Regulators.  —  Evaporators.  —  Steam  Boats.  —  Electric  Light 
Machinery.— Hydraulic  Machinery.— Air-Compressing  Pumps.— Refrigerating  Machines, 
—Machinery  of  Destroyers.— The  Management  of  Water-Tube  Boilers.— Regulations  fcr 
Entry  of  Assistant  Engineers,  R.N.— Questions  given  in  Examinations  for  Promotion  ot 
Bingineers,  R.N. — Regulations  respecting  Board  of  Trade  Examinations  for  Engineers,  &c 

"  This  VEKT  USEFUL  BOOK.  .  .  ,  ILLUSTRATIONS  are  of  GREAT  IMPORTANCE  in  a  work 
of  this  kind,  and  it  is  satisfactory  to  find  that  special  attention  has  been  given  in  this 
respect." — Engineers'  Gazette.       

Fourth  Edition,  Thoroughly  Revised  and  Greatly  Enlarged. 
With  Numerous  Illustrations.     Price  10s.  6d. 

VALVES    AND    VALVE -GEARING  ; 

A  Practical  Text-book  for  the  use  of  Engineers,  Draugfitsmen,  and  Students. 
By  CHARLES   HURST,   Practical  Draughtsman. 

Part  I.— Steam  Engine  Valves.  I     Part  III.— Air  Compressor  Valves  and 

Part  II.— Gas    Engine    Valves    and  Gearing. 

Gears.  |     Part  IV.— Pump  Valves. 

"Mb.  Hurst's  valves  and  valvb-gbarino  will  prove  a  very  valuable  aid,  and  tend  to  the 
production  of  Engines  of  scientific  design  and  economical  working.  .  .  .  Will  be  largely 
sought  after  by  Students  and  Desijmers." — Marine  Engineer. 

"As  a  practical  treatise  on  the  subject,  the  book  stands  without  a  v\N2i\."  —  Mechanical 
World. 

Hints   on    Steam   En§:ine   Design  and   Construction.    By  Charles 

Hurst,  "Author  of  Valves  and  Valve  Gearing."    Second   Edition, 

Revised.      In  Paper  Boards,  8vo.,  Cloth  Back.      Illustrated.     Price 

Is.  6d.  net. 

Contents.— I.   Steam  Pipes.— II.  Valves.— III.  Cylinders.— IV.  Air   Pumps   and  Con- 

densers.-V.  Motion  Work.— VI.  Crank  Shafts  and  Pedestals.— VII.  Valve  Gear.— VIII. 

Lubrication. — IX.  Miscellaneous  Details  —Index. 

"  A  handy  volume  which  every  practical  young  engineer  should  possess." — The  Model 
Engineer. ^ 
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Second  Edition,  Revised.      With  numerous  Plates  reduced  from 
Working  Drawings  and  280  Illustrations  in  the  Text.     2l8. 

A     MANUAL     OF 

LOCOMOTIVE    ENGINEERINGS 

A  Practical  Text-Book  for  the  Use  of  Engine  Builders, 

Designers  and  Draughtsmen,  Railway 

Engineers,  and  Students. 

By  WILLIAM  FRANK  PETTIGREW,  M.Inst.G.E. 

With  a  Section  on  American  and  Continental  Engines. 

By  albert   F.    RAVENSHEAR,   B.Sc, 

Of  His  Majesty's  Patent  Office. 

Contents.  ~-E.istorie9L\  Introduction,  1763-1863.  — Modem  Locomotives:  Simple.— 
Sfodem  Locomotives:  Compound.  Primary  Consideration  in  Locomotive  Design  — 
Cylinders,  Steam  Chests,  and  Stuffing  Boxes.— Pistons,  Piston  Rods,  Crossheads,  and 
Slide  Bars.— Connecting  and  Coupling  Eods.- "Wheels  and  Axles,  Axle  Boxes,  Hornblocks, 
and  Bearing  Springs.— Balancing.— Valve  Gear.— Slide  Valves  and  Valve  Gear  Details.— 
Beaming,  Bogles  and  Axle  Trucks,  Eadial  Axle  Boxes.— Boilers.-Sniokebox,  Blast  Pipe, 
Firebox  Fittings. — Boiler  Mountings. — Tenders.  Railway  Brakes.— Lubrication.— Oon- 
Bnmption  of  Fuel,  Evaporation  and  Engine  Efficiency. — American  Locomotives. — Con- 
tinental Locomotives. — Repairs,  Running,  Inspection,  and  Renewals. — Three  Appendices, 
—Index. 

"The  work  contains  all  that  can  be  leaent  from  a  book  upon  such  a  subject.  It 
will  at  once  rank  as  the  standard  work  upon  this  important  subject."— /2at7«jay  Magazine. 


In  Large  8vo.     Fully  Illustrated.     8s.  6d.  net. 

LOCOMOTIVE  COMPOUNDING  AND  SUPERHEATING. 

By    J.    F.    GAIRNS. 

Contents.— Introductory.— Compounding  and  Superheating  for  Locomotives.— A 
Classification  of  Compound  Systems  for  Locomotives.— The  History  and  Development  of 
the  Compound  Locomotive. — Two-Cylinder  Non-Automatic  Systems.  —  Two-Cylinder 
Automatic  Systems.— Other  Two-Cylinder  Systems.— Three-Cylinder  Systems.— Four- 
Cylinder  Tandem  Systems. — Four-Cylinder  Two-Crank  Systems  (other  than  Tandem).— 
Four-Cylinder  Balanced  Systems.— Four-Cylinder  Divided  and  Balanced  Systems.— 
Articulated  Compound  Engines.— Triple-Expansion  Locomotives.— Compound  Rack 
Locomotives.— Concluding  Remarks  Concerning  Compound  Locomotives. — The  Use  of 
Superheated  Steam  for  Locomotives.— Index. 

"A  welcome  addition  to  the  library  of  the  railway  engineer.'"— Engineering  Times. 


In  Large  8vo.     Handsome  Cloth.      With  Plates  and  Illustrations,     168. 

LIGHT        RAIlLilSrAYS 

AT  HOME  AND  ABROAD. 

By   WILLIAM    HENRY   OOLE,    M.Inst.O.E., 

Late  Deputy-Manager,  North-Westem  Railway,  India. 
Conients.— Discussion  of  the  Tenn  "Light  Railways."— English  Railways, 
Rates,  and  Farmers.  — Light  Railways  in  Belgium,  France,  Italy,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland.  —Road  Trans- 
port as  an  alternative.— The  Light  Railways  Act,  1896. — The  Question  of 
Gauge. — Construction  and  Working. — Locomotives  and  RoUing-Stock. — Light 
Railways  in  England,  Scotland,  and  "Wales.— Appendices  and  Index. 

"  Will  remain,  for  some  time  yet  a  Standard  Wokk  in  everything  relating  to  Light 
Railways. " —  Engineer. 

"  The  whole  subject  is  exhaustively  and  practically  considered.  The  work  can  be 
cordially  recommended  as  indispensable  to  those  whose  duty  it  is  to  become  acquainted 
with  one  of  the  prime  necessities  of  the  immediate  future." — Railwmi  Official  Onzptte 
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ENGINEERINO  AND  MEOHANICS. 


In  Crown  8vo.     Handsome  Cloth.     Fully  Illustrated. 

PRACTICAL  CALCULATIONS  FOR  ENGINEERS. 

By     CHARLES     E.     LARARD, 

A.M. Inst. C.E..  M.I.Mech.E.,  Wh.Exh., 
Head  of  the  Mechanical  Engineering  Department  at  the  Northampton  Institute,  London,  E.G. 

And    H.    a.    GOLDING,    A.M.Inst.GE. 

Contents.— Section  I.— Contracted  Methods  of  Calculation.— Technical  Mensura- 
tion.—Practical  Calculation  by  Logarithms. — The  Slide  Rule  and  its  Applications. — 
Squared  Paper  and  its  Uses.  Section  II.— Pulleys  and  Wheels  in  Train.— Speed  Ratios 
and  Practical  Examples.— Principle  of  Moments  Applied  to  Practical  Problems.— Work 
and  Power. — Energy  and  Speed  Fluctuations.— Transmission  of  Work  through  Machines. 
— Friction  and  Efficiency.— Transmission  of  Power.— Shafting.— Motion  on  a  Circle. — 
Momentum,  Acceleration,  and  Force  Action.  Section  III.— Temperature  Scales. — Units 
of  Heat.— Specific  Heat.— Heat  and  Work.— Heat  Value  of  Fuels. — Heat  Losses  in  Engine 
and  Boiler  Plant.— Properties  of  Steam.— Moisture  and  Dryness  Fraction. — Steam  and 
Fuel  Calculations.— Boiler  Efficiency.— Size  of  Boiler.— Engine  Calculations.— Power, 
Indicated  and  Brake.— Calculations  for  Dimensions.— Steam  Consumption  and  AVillans 
Law. — Efficiencies,  Comparative  Costs  of  Power  Production.— Commercial  Efficiency. 
Section  IV.— The  Commercial  side  of  Engineering.— Calculation  of  Weights. — Division 
of  Costs,  Material  and  Labour,  Shop  Charges  and  Establishment  Charges.— Estimates.— 
Profit.— Use  of  Squared  Paper  in  the  Estimating  Department  and  to  the  General 
Management. 


Sixth  Edition.     Folio,  strongly  half-bound,  21s. 

Computed  to  Four  Places  of  Decimals  for  every  Minute  of  Angle 

up  to  100  of  Distance. 

For  the  Use  of  Surveyors  and  Engineers. 

By    RICHARD    LLOYD    GURDEN, 
Authorised  Surveyor  for  the  Governments  of  New  South  Wales  and  Victoria. 

*^*  Published  with  the  Concurrence  0/  the  Surveyors-  General  for  New  South 
Wales  and  Victoria. 

"  Those  who  have  experience  in  exact  Survkv-work  will  best  know  how  to  appreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  by  rkferknch  to  but  One  Table,  in  place  ol  the  usual  Fifteen 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
a-.sistance  few  knowing  of  their  publication  will  remain  without  them." 
— Engineer. 

Strongly  Bound  in  Super  Royal  8vo.      Cloth  Boards.      7s.  6d.  net. 


Fop  Caleulatingr  Wages  on  the  Bonus  or  Premium  Systems. 

For  Engineering,   Technical  and  Allied  Trades. 

By    henry    a.    GOLDING,    A.M.Inst.M.E., 

Technical  Assistant  to  Messrs.  Bryan  Donkin  and  Clench,  Ltd.,  and  Assistant  Lecturer 
in  Mechanical  Engineering  at  the  Northampton  Institute,  London,  E.G. 

"Cannot  fail  to  prove  practically  serviceable  to  those  for  whom  they  have  been 
designed."— Scotsman. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED  EXETER  STREET,  STRAND. 


32  CHARLES  GRIFFIN  dc  GO.'S  PUBLICATIONS. 

Second  Edition.     Large  8vo,  Handsome  Cloth.     With 
Illustrations,  Tables,  &c.     21s.  net. 

Lubrication  &  Lubricants: 

A  Treatise  on  the  Theory  and  Practice  of  Lubrication,  and  on  the 
Nature,  Properties,  and  Testing  of  Lubricants. 

BY  AND 

LEONARD  ABCHBUTT,  F.I.C.,  F.C.S.,  R.  M.  DEELEY,  M.LMech.E.,  F.Q.S., 

Chemist  to  the  Mid.  Ry.  Co.  Chief  Loco.  Super.,  Mid.  Ry.  Co. 

Contents.— I.  Friction  of  Solids.— II.  Liquid  Friction  or  Viscosity,  and  Plastic 
Friction.— III.  Superficial  Tension.— IV,  The  Theory  of  Lubrication.— V.  Lubricants, 
their  Sources,  Preparation,  and  Properties.— VI.  Physical  Properties  and  Methods  of 
Examination  of  Lubricants.— VII.  Chemical  Properties  and  Methods  of  Examination 
of  Lubricants.— VIII.  The  Systematic  Testing  of  Lubricants  by  Physical  and  Chemical 
Methods.— IK.  The  Mechanical  Testing  of  Lubricants.— X.  The  Design  and  Lubrication 
of  Bearings.— XL  The  Lubrication  of  Machinery,— Index. 

"  Contains  practically  ALL  that  is  known  on  the  subject.  Deserves  the  careful 
Attention  of  all  Engineers."— Railway  Official  Gazette. 


Fourth  Edition.     Very  fully  Illustrated.     Glothy  4s.  6d. 

STEAM  -  BOI  LERS: 

THEIR    DEFECTS,    MANAGEMENT,    AND    CONSTRUCTION, 
By    R.    D.    MUNRO, 

Vh^f  Engineer  of  the  Scottish  Boiler  Insurance  and  Engine  Inspection  Company , 
General  Contents.— I.  Explosions  caused  (i)  by  Overheating  of  Plates— (2)  By 
Defective  and  Overloaded  Safety  Valves — (3)  By  Corrosion,  Internal  or  External — (4)  By 
Defective  Design  and  Construction  (Unsupported  Flue  Tubes  ;  Unstrengthened  Manholes  ; 
Defective  Staying  ;  Strength  of  Rivetted  Joints;  Factor  of  Safety)— II.  Construction  of 
Vertical  Boilers  :  Shells — Crown  Plates  and  Uptake  Tubes — Man-Holes,  Mud-Holes, 
and  Fire-Holes  —  Fireboxes  —  Mountings  —  Management  —  Cleaning  —  Table  of  Bursting 
Pressures  of  Steel  Boilers — Table  of  Rivetted  Joints — Specifications  and  Drawings  of 
Lancashire  Boiler  for  Working  Pressures  (a)  80  lbs. ;  (d)  200  lbs.  per  square  inch  respectively. 
"  A  valuable  companion  for  workmen  and  engineers  engaged  about  Steam  Boilers,  ought 
to  be  carefully  studied,  and  always  at  hand."— Co//,  Guardian. 


By  the  same  Author. 


KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence.    A  Practical  Handbook 
based  on  Actual  Experiment.      With  Diagram  and  Coloured  Plate.     3s. 


In    Crown  Svo,    Cloth.     Fully  Illustrated,     ^s.   net. 

EMERY    GRINDING    MACHINERY. 

A  Text-Book  of  Workshop  Practice  in  General  Tool  Grinding,  and  the 
Design,  Construction,  and  Application  of  the  Machines  Employed. 

By  R.  B.  HODGSON,  A.M. Inst. Mech.E. 

Introduction. — Tool  Grinding.— Emery  Wheels.— Mounting  Emery  Wheels. 
— Emery  Rings  and  Cylinders.  —  Conditions  to  Ensure  Efficient  Working, — 
Leading  Types  of  Machines.— Concave  and  Convex  Grinding. — Cup  and  Cone 
Machines.  —  Multiple  Grinding.  —  "Guest"  Universal  and  Cutter  Grinding 
Machines. — Ward  Universal  Cutter  Grinder. —  Press. — Tool  Grinding. — Lathe 
Centre  Grinder. — Polishing.— Index. 

"  Eminently  practical  .  .  .  cannot  fail  to  attract  the  notice  of  the  users  of  this  class  of 
machinery,  and  to  meet  with  careful  perusal." — Chem.  Trade  Journal. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,    EXETER  STREET,  STRAND. 


ENGINEERING  AND  MECHANICS.  33 

In  Three  Parts.    Crown  8vo,  Handsome  Cloth.    Very  Fully  Illustrated. 

MOTOR-CAR  MECHANISM  AND   MANAGEMENT. 

By   W.    POYNTER   ADAMS,  M.Inst.E.E. 

Part  I.— The  Petrol  Car.    Part  II.— The  Electrical  Car. 
Part  III.— The  Steam  Car. 


PART  I.— THE  PETROL  CAR.     5s  net. 

Second  Edition.     With  important  new  Appendix,  illustrating  and  defining  parts 
of  actual  cars  in  use. 

Contents.— Section  I. — The  Mechanism  of  the  Petrol  Car. — 
The  Engine. — The  Engine  Accessories. — Electrical  Ignition  and  Accessories. 
— Multiple  Cylinder  Engines. — The  Petrol.— The  Chassis  and  Driving  Gear. 
— Section  II. — The  Management  of  the  Petrol  Car. — The  Engiiie. — 
The  Engine  Accessories. — Electrical  Ignition. — The  Chassis  and  Driving 
Gear.  — General  Management.  — Appendix.  — Glossary.  — Index. 

"Should  be  carefully  studied  by  those  who  have  anything  to  do  with  motors." — Auto- 
mobile  attd  Carriage  Builders'  Jotinial. 


In  Large  8vo.     Handsome  Cloth.     Very  Fully  Illustrated.     18s.  net. 
A     IVIANUAL     OF 

PETROL  MOTORS  AND  MOTOR-CARS. 

Comprising  the  Designing,  Construction,  and   Working  of  Petrol  Motors. 

By    F.    STRICKLAND. 

General  Contents.— Part  I. :  Engines.— Historical.— Power  Required.— General 
Arrangement  of  Engines.— Ignition. —Carburettors.— Cylinders,  Pistons,  Valves,  Ac- 
Crank  Shafts,  Crank  Chambers,  Cams,  Runners,  Guides,  <fec.— Pumps.  — Fly  wheels.— 
Pipe  Arrangements.— Silencers.— Engine  Control,  Balancing.— Motor  Cycle  Engines.— 
Marine  Motors.— Two-Cycle  Motors.— Paraffin  Carburettors. —  Gas  Producers.  PART 
II.:  Cars.— General  Arrangements. —Clutches. —  Transmission.  —  Differential  Gears. — 
Universal  Joints.— Axles.  —  Springs.  —  Radius  Rods.  —  Brakes.  —  Wlieels.  —  Frames.  — 
Steering  Gear.  —  Radiator.  —  Steps,  Mudguards,  Bonnets,  &c.  —  Lubrication.  —  Ball 
Bearings.— Bodies.— Factors  of  Safety.— Calculations  of  Stresses.— Special  Change  Speed 
Gears.— Special  Cars.— Commercial  Vehicles.— Racing  Cars.- Index. 


Ready  Immediately.     In  Large  Svo,  Handsome  Cloth.     Very  Fully 
Illustrated  by  Plates  and  Diagrams. 

THE    PROBLEM    OF    PLIGHTk 

By    HERBERT    CHATLEY,    B.Sc.(Eng.),    Londox, 
Lecturer  in  Applied  Mechanics,  Portsmouth  Technical  Institute. 

Contents.— The  Problem  of  Flight  — The  Helix. —The  Aeroplane.  —  The  Aviplane.— 
Dirigible  Baloons.— Form  and  Fittings  of  the  Airship.— Appendices  {The  Possibility  of 
Flight,  Weight,  A  Flexible  Wing,  Iheory  of  Balance,  Bibliography).— Isdek. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXtTER  STREET.  STRANB. 
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WORKS     BY 
ANDREW  JAMIESON,  M.Tnst.C.E.,  M.I.E.E.,  F.R.S.E., 

Formerly  Professor  of  Electrical  Engineering,  Tfu  Glas.  and  W.  of  Scot.  Tech.  Coll. 

PROFESSOR  JAMIESON'S  ADVANCED  TEXT-BOOKS. 

In  Large  Crown  Svo.     Fully  Illustrated. 

STEAM  AND  STEAM-ENGINES,  INCLUDING  TURBINES 

AND  BOILERS.     For  the  Use  of  Engineers  and  for  Students  preparing 
for  Examinations.     With  800  pp. ,  over  400  Illustrations,  1 1  Plates,  many 
B.  of  E.,  C.  and  G.,  Questions  and  Answers,  and  all  Inst.  C.E.  Exams, 
on  Theory  of  Heat  Engines.     Fifteenth  Edition,  Revised.     los.  6d. 
"Tbe  Best  Book  yet  published  for  the  use  of  Students."— ^«jfw«^^r, 

APPLIED  MECHANICS  &  MECHANICAL  ENGINEERING. 

Including  All  the  Inst.  C.E.  Exams,  in  (i)  Applied  Mechanics; 
(2)  Strength  and  Elasticity  of  Materials ;  (3a)  Theory  of  Structures  ; 
(ii)  Theory  of  Machines;  Hydraulics.  Also  B.  of  E, ;  C.and  G.  Questions. 
Vol.  1. — Comprising  568  pages,  300  Illustrations,  and  Questions : 
Part  I.,  The  Principle  of  Work  and  its  Applications;  Part  II.:  Friction, 
Lubrication  of  Bearings,  &c. ;  Different  kinds  of  Gearing  and  their  Appli- 
cations to  Workshop  Tools,  &c.     Fifth  Edition.     8s.  6d. 

"  Fully   maintains  the  reputation  of  the  Author."— /'roc/.  Engineer. 

Vol.  II. — Comprising  Parts  III.  to  VI.,  with  over  800  pages,  371  Illus- 
trations ;  Motion  and  Energy,  Theory  of  Structures  or  Graphic  Statics ; 
Strength  and  Elasticity  of  Materials  ;  Hydraulics  and  Hydraulic 
Machinery.     Fifth  Edition.     12s.  6d. 

^'Wbll  and  lucidly  written."— T'A^  Engineer. 

*»*  Each  of  the  above  volumes  is  complete  in  itself,  and  sold  separately. 


PROFESSOR  JAMIESON'S  INTRODUCTORY  MANUALS 

Crown  Svo.      With  Illustrations  and  Examination  Papers. 

STEAM    AND    THE    STEAM-ENGINE    (Elementary 

Manual  of).     For  First- Year  Students,  forming  an  Introduction  to  the 
Author's  larger  Work,    Eleventh  Edition,  Revised  and  Enlarged.  3/6. 
"  Should  be  in  the  hands  of  every  engineering  apprentice." — Practical  Engineer. 

MAGNETISM  AND  ELECTRICITY  (Practical  Elementary 

Manual  of).    For  First-Year  Students.    With  Stud  Inst.C.  E.  and  B.  of  E. 
Exam.  Questions.     Seventh  Edition,  Revised  and  Enlarged.     3/6. 
"  A  THOROUGHLY  TRUSTWORTHY  Text-boolc.     PRACTICAL  and  c\czx."— Nature. 

APPLIED    MECHANICS    (Elementary    Manual   of). 

For  First-Year  Students.     With  B.  of  E.,  C.  and  G. ;  and  Stud.  Inst.  C.E. 
Questions.     Seventh  Edition,  Revised  and  Greatly  Enlarged.     3/6. 
"  I'he  work  has  very  high  qualities,  which  may  be  condensed  into  the  one  word 
'  CLEAR.'  "Science  and  A  rt. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

For  the  Use  of  Electricians  and  Engineers.  By  John  Munro,  C.E., 
and  Prof.  Jamieson.  Pocket  Size.  Leather,  8s.  6d.  Eighteenth 
Edition.  [See  p.  48  General  Catalogue. 
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WORKS  BY  W.  J.  MACQDORN  RANKIHE,  LL.D.,  F.R.S. 

Thopoughly  Revised  by  W.  J.  MILLAR,  C.E. 


A  MANUAL  OF  APPLIED   MECHANICS :  Comprising  the 

Principles  of  Statics  and  Cinematics,  and  Theory  of  Structures, 
Mechanism,  and  Machines.  With  Numerous  Diagrams.  Crown  8vo, 
Cloth.     Seventeenth  Edition.     12s.  6d. 


A  MANUAL  OF  CIVIL  ENGINEERING :  Comprising  Engin- 
eering  Surveys,  Earthwork,  Foundations,  Masonry,  Carpentry,  Metal 
Work,  Roads,  Railways,  Canals,  Rivers,  Waterworks,  Harbours,  &c. 
With  Numerous  Tables  and  Illustrations.  Crown  8vo,  Cloth. 
Twenty-Third  Edition.     IBs. 


A   MANUAL  OF  MACHINERY   AND   MILLWORK :   Com- 

prising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  With  nearly  300  Illustrations.  Crown 
8vo,  Cloth.     Seventh  Edition.     12s.  6d. 


A    MANUAL     OF    THE    STEAM-ENGINE    AND    OTHER 

PRIME  MOVERS.  With  a  Section  on  Gas,  Oil,  and  Air 
Engines,  by  Bryan  Donkin,  M.Inst. C.E.  With  Folding  Plates 
and  Numerous  Illustrations.  Crown  8vo,  Cloth.  Sixteenth 
Edition    12s.  6d. 

USEFUL  RULES  AND  TABLES :  For  Architects,  Builders, 
Engineers,  Founders,  Mechanics,  Shipbuilders,  Surveyors,  &c.  With 
Appendix  for  the  use  of  Electrical  Engineers.  By  Professor 
Jamieson,  M.Inst. O.E.,  M. I.E. E.     Seventh  Edition.     10s.  6d. 


A  MECHANICAL  TEXT -BOOK:  A  Practical  and  Simple 
Introduction  to  the  Study  of  Mechanics.  By  Professor  Rankine 
and  E.  F.  Bamber,  C.E.  With  Numerous  Illustrations.  Crown 
8vo,  Cloth.     Fifth  Edition.     9s. 

*♦*  The  "  Mechanical  Text-Book  "   was  detigned  by  Professor  BANsms  a$  an  Imtko- 
DUCTiON  to  the  above  Series  of  Manuals. 


MISCELLANEOUS  SCIENTIFIC  PAPERS.  Part  I.  Tempera- 
ture,  Elasticity,  and  Expansion  of  Vapours,  Liquids,  and  Solids. 
Part  II.  Energy  and  its  Transformations.  Part  III.  Wave-Forms, 
Propulsion  of  Vessels,  &c.  With  Memoir  by  Professor  Tait,  M.A. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams.  Royal  8vo. 
Cloth.     31s.  6d. 

"  No  more  enduring  Memorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.  .  .  .  The  Collection  is  most  valuable  _  on 
account  of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis. " 
— Architect. 
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Third  Edition,   Thoroughly  Revised  and  Enlarged.      With  60  Plates  and 
Numerous  Illustrations.     Handsome  Cloth.     34s. 

HYDRAULIC   POWER 

AND 

HYDRAULIC   MACHINERY. 

BY 

HENRY    ROBINSON,    M.    Inst.   C.E.,   F.G.S.. 

FELLOW  OF  king's  COLLRGK,   LONDON;   PROF.    EMERITUS  OF  CIVIL  ENGINEBRINS, 
king's  COLLEGE,   ETC.,  ETC 

Contents  — Discharge  through  Orifices. — Flow  of  Water  through  Pipes. — Accumulators. 
— Presses  and  Lifts. — Hoists. — Rams. — Hydraulic  Engines. — Pumping  Engines. — Capstans. 
—  Traversers. — Jacks.  —  Weighing  Machines. — Riveters  and  Shop  Tools.  —  Punching, 
Shearing,  and  Flanging  Machines. — Cranes. — Coal  Discharging  Machines.  —  Drills  and 
Cutters. — Pile  Drivers,  Excavators,  &c. — Hydraulic  Machinery  applied  to  Bridges,  Dock 
Gates,  Wheels  and  Turbines. — Shields.  —  Various  Systems  and  Power  Installations  — 
Meters,  &c. — Index. 

"The  standard  work  on  the  application  of  water  power." — Gassier  s  Magazine. 


Second  Edition,  Greatly  Enlarged.      With  Frontispiece,  several 
Plates,  and  over  250  Illustrations.     21s.  net. 

THE  PRIHCIPLES  AND  COUSTRUCTION  OF 

PUMPING  MACHINERY 

(STEAM   AND  WATER   PRESSURE). 

With  Practical  Illustrations  of  Engines  and  Pumps  applied  to  Mining, 

Town  Water  Supply,  Drainage  of  Lands,  &c.,  also  Economy 

and  Efficiency  Trials  of  Pumping  Machinery. 

By    henry    DAVEY, 

Member  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  of 
Mechanical  Engineers,  F.G.S,,  &c. 

Contents  — Early  History  of  Pumping  Engines — Steam  Pumping  Engines — 
Pumps  and  Pump  Valves— General  Principles  of  Non-Rotative  Pumping 
Engines— The  Cornish  Engine,  Simple  and  Compound— Types  of  Mining 
Engines— Pit  Work— Shaft  Sinking— Hydrauhc  Transmission  of  Power  in 
Mines — Electric  Transmission  of  Power — Valve  Gears  of  Pumping  Engines 
—  Water  Pressure  Pumping  Engines  —  Water  Works  Engines  —  Pumping 
Engine  Economy  and  Trials  of  Pumping  Machinery— Centrifugal  and  other 
Low-Lift  Pumps — Hydraulic  Rams,  Pumping  Mains,  &c. — Index. 

"By  the  'one  English  Engineer  who  probably  knows  more  about  Pumping  Machinery 

than   ANY    OTHEB.'     ...     A    VOLCMB    RECOBDINQ    THE    RESULTS    OF  LONG  EXPEBIENCE  AND 

STtJDT."— 7%e  Engiueer. 

"Undoubtedly THE  best  and  most  pbactical  treatise  on  Pumping  Machinery  that  has 
car  been  published.  " — Mining  Journal. 

U)NDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET.  STRAND 
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At  Press.     In  Large  8vo.     Handsome  Cloth.     Profusely  Illustrated. 

In  Two  Volumes,  Each  Complete  in  itself,  and 

Sold  Separately. 

AND 

CONSTRUCTION    OF    SHIPS. 

By  JOHN   HARVARD   BILES,   M.Inst.KA., 

Professor  of  Naval  Architecture  in  Glasgow  University. 

Contents  of  Volume  I.— Part  I. :  General  Considerations.— Methods  of  Determin- 
ation of  the  Volume  and  Centre  of  Gravity  of  a  known  Solid.  —  Graphic  Rules  for 
Integration.— Volumes  and  Centre  of  Gravity  of  Volumes. — Delineation  and  Descriptive 
Geometry  of  a  Ship's  Form.- Description  and  Instances  of  Ship's  Forms.— Description 
of  Types  of  Ships.  Part  II. :  Calculation  of  Displacement,  Centre  of  Buoyancy  and 
Areas.— Metacentres.— Trim.— Coefficients  and  Standardising.— Results  of  Ship  Calcula- 
tions.— Instruments  Used  to  Determine  Areas,  Moments,  and  Moments  of  Inertia  of 
Plane  Curves.— Cargo  Capacities —Effects  on  Draught,  Trim,  and  Initial  Stability  due 
to  Flooding  Compartments.  —  Tonnage.  —  Freeboard.  —  Launching.  —  Application  of  the 
Integraph  to  Ship  Calculations.— Straining  due  to  Unequal  Longitudinal  Distribution 
of  Weight  and  Buoyancy.— Consideration  of  Stresses  in  a  Girder.— Application  of  Stress 
Formulae  to  the  Section  of  a  Ship.— Shearing  Forces  and  Bending  Moments  on  a  Ship 
amongst  "Waves.— Stresses  on  the  Structure  when  Inclined  to  the  Upright  or  to  the 
Line  of  Advance  of  the  Waves.  —  Distribution  of  Pressure  on  the  Keel  Blocks  of  a 
Vessel  in  Dry  Dock. — Consideration  of  Compression  in  Ship  Structure. 


BY    PROFESSOR    BILES. 

LECTURES   ON   THE   MARINE   STEAM   TURBINE. 

With  131  illustrations.      Price  6s.  net 
See  page  28. 


'   Royal  8uo,  Handsome  Cloth.     With  numerous  Illustrations  and  Tables.     25». 

THE   STABILITY  OP   SHIPS. 

BY 

SIR  EDWARD   J.   REED,   K.C.B.,   F.R.S.,   M.P., 

tNIGHT  OF    THB    IMPERIAL    ORDERS    OF    ST.    STANILAUS    OF    RUSSIA;    FRANCIS    JOSBPH    OF 

AUSTRIA  ;    MEDJIDIE    OF    TURKEY ;     AND    RISING    SUN    OF    JAPAN  ;    VICF- 

PRESIDENT  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS. 

"  Sir  Edward  Reed's  '  Stability  of  Ships  '  is  invaluable.  The  Naval  Architect 
will  find  brought  together  and  ready  to  his  hand,  a  mass  of  information  which  he  would  other- 
wise have  to  seek  in  an  almost  endless  variety  of  publications,  and  some  of  which  he  would 
possibly  not  be  able  to  obtain  at  all  elsewhere." — Steamship. 

lONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRAND. 
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WORKS     BY     THOMAS     WALTON, 

NAVAL     ARCHITECT. 


Third   Edition.      Illustrated  with  Plates,  Numerous  Diagrams,  and 
Figures  in  the  Text.     i8s.  net. 

STEEL     SHI  PS: 

THEIR    CONSTRUCTION    AND    MAINTENANCE. 

A  Manual  for  Shipbuilders,  Ship  Superintendents,  Students, 

and  Marine  Engineers. 

By  THOMAS   WALTON,   Naval   Architect, 

AUTHOR    OF    "know    YOUR    OWN    SHIP." 

Contents. — I.  Manufacture  of  Cast  Iron,  Wrought  Iron,  and  Steel. — Com- 
position of  Iron  and  Steel,  Quality,  Strength,  Tests,  &c.  II.  Classification  of 
Steel  Ships.  III.  Considerations  in  making  choice  of  Type  of  Vessel. — Framing 
of  Ships.  IV.  Strains  experienced  by  Ships. — Methods  of  Computing  and 
Comparing  Strengths  of  Ships.  V.  Construction  of  Ships.— Alternative  Modes 
of  Construction. — Types  of  Vessels. — Turret,  Self  Trimming,  and  Trunk 
Steamers,  &c. — Rivets  and  Rivetting,  Workmanship.  VI.  Pumping  Arrange- 
ments. VII.  Maintenance. — Prevention  of  Deterioration  in  the  Hulls  of 
Ships. — Cement,  Paint,  &c.— Index, 

"  So  thorough  and  weil  written  is  every  chapter  in  the  book  that  it  is  diificnlt  to  select 
anv  of  them  as  being  worthy  of  exceptional  praise.  Altogether,  the  work  is  excellent,  and 
will  prove  of  great  value  to  those  for  whom  it  is  intended."— TAc  Engineer. 


At  Press.     In  Handsome  Cloth.     Very  fully  Illustrated. 

PRESENT-DAY  SHIPBUILDING. 

For  Shipyard  Students,  Ships'  Officers,  and  Engineers. 

By  THOS.  WALTON, 

Author  of  "Know  Your  Own  Ship." 

General  Contents. — Classification. —Materials  used  in  Shipbuilding. — 
Alternative  Modes  of  Construction. — Details  of  Construction. — Framing, 
Plating,  Rivetting,  Stem  Frames,  Twin-Screw  Arrangements,  Water 
Ballast  Arrangements,  Loading  and  Discharging  Gear,  &c. — Types  of 
Vessels,  including  Atlantic  Liners,  Cargo  Steamers,  Oil  carrying  Steamers, 
Turret  and  other  Self  Trimming  Steamers,  &c. — Index. 


Ninth  Edition.     Illustrated.     Handsome  Cloth,  Crown  8vo.    78.6d» 

The  Chapters  on  Tonnage  and  Freeboard  have  been  brought  thoroughly 
up  to  date,  and  embody  the  latest  (1906)  Board  of  Trade  Regulations  on 
these  subjects, 

KNOW    YOUR    OWN    SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 

Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others, 

Contents.  —  Displacement  and  Deadweight.  —  Moraents.  —  Buoyancy.  —  Strain.  — 
Structure.  —  Stability.  —  K oiling.  —  Ballasting.  —  Loading.— Shifting  Cargoes.— Effect  of 
Admission  of  Water  into  Ship.— Trim  Tonnage.— Freeboard  (Load-line).— Calculations.— 
Set  of  Calculations  from  Actual  Drawings.—  Index. 

"  The  work  is  of  the  highest  value,  and  all  who  go  down  to  the  sea  in  ships  should  make  them- 
selves acquainted  with  it." -Shipping  World  (on  the  new  edition). 

lONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  STREET.  STRAND, 
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GRIFFIN'S    NAUTICAL    SERIES. 

Edited    by     EDW.     BLACKMORE, 

Master  Mariner,  First  Class  Trinity  House  Certificate,  Assoc.  Inst.  N.A. ; 

And  Wkittbn,  mainly,  by  Sailoes  for  Sailors. 


"This  admirable  series."— jfairpZaj/.         "A  very  useful  series." — Nature. 
"Every  Ship  should  have  the  whole  Series  as  a  Reperenob  Library,    hand- 
somely BOUND,  clearly  PRINTED  and  ILLUSTRATED."— JjtverpooZ  Joum.  of  Cormneree. 


The  British  Mercantile  Marine :  An  Historical  Sketch  of  its  Rise 

and  Development.    By  the  Editor,  Capt.  Blackmore.    3s.  6d. 

"  Captain  Blackmore  s  SPLENDID  BOOK  .  .  .  contains  paragraphs  on  every  point 
of  interest  to  the  Merchant  Marine.  The  243  pages  of  this  book  are  the  most  valu- 
ABLE  to  the  sea  captain  that  have  ever  been  qow?ilet)."— Merchant  Service  Review. 

Elementary  Seamanship.     By  D.  Wilson-Barker,  Master  Mariner, 
F.R.S.E.,   F.R.G.S.    With   numerous   Plates,  two   in   Colours,   and   Frontispiece. 
Fourth  Edition,  Thoroughly  Revised.    With  additional  Illustrations.    6s. 
"This  ADMIRABLE  MANUAL,  by  Capt.  WILSON  BARKER,  Of  the  '  Worcester,'  seema 

to  us  perfectly  DESIGNED."— J. «A«n<Bttm. 


Know  Your  Own  Ship  :  A  Simple  Explanation  of  the  Stability,  Con- 
struction, Tonnage,  and  Freeboard  of  Ships.    By  THOS.  WALTON,  Naval  Architect. 
Ninth  Edition.    Ts.  6d. 
"Mr.  Walton's  book  will  be  found  very  useful."- 2'Ae  Engineer. 


Navigration :  Theoretical  and  Praetieal.     By  D.  Wilson-Barkbr 

and  William  Allingham.    Second  Edition,  Revised.   Ss.  6d. 
"Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency. 
Candidates  will  find  it  invaluable."— Dundee  Advertiser. 


Marine    Meteorology :    For    Officers    of    the    Merchant   Navy.       By 
William  Allingham,  First  Class  Honours,  Navigation,  Science  and  Art  Department. 
With  Illustrations  and  Maps,  and  facsimile  reproduction  of  log  page.    7s.  6d. 
"Quite  the  best  publication  on  this  subject."— Shipping  Gazette. 


Latitude  and  Longitude :  How  to  find  them.    By  W.  J.  Millar, 

C.E.    Second  Edition,  Revised.    28. 

"  Cannot  but  prove  an  acquisition  to  those  studying  Navigation."— iHfanrw  Engineer. 

Praetieal    Mechanics  :    Applied   to  the   requirements  of  the   Sailor. 

By  THOS.  Mackenzie,  Master  Mariner,  F.R.A.S.   Second  Edition,  Revised.   3s.  6d. 
"  Well  worth  the  money  .    .    .  exceedingly  helpful.  "-S^ippinsr  W^orW. 

Trigonometry :  For  the  Young  Sailor,  &c.     By  Rich.  C.  Buck,  of  the 
Thames  Nautical  Training  College,  H.M.S.  "  Worcester."    Third  Edition,  Revised. 
Price  3s.  6d. 
"  This  EMINENTLY  PRACTICAL  and  reliable  volume."— Schoolmaster. 


Practical  Algebra.      By  Rich.  C.  Buck.     Companion  Volume  to  the 
above,  for  Sailors  and  others.    Second  Edition,  Revised.    Price  3s.  6d. 
"  It  is  JUST  THE  book  for  the  young  sailor  mindful  of  progress."— ^awficoZ  Magazine. 


The  Legal  Duties  of  Shipmasters.    By  Benedict  Wm.  Ginsbubg, 

M.A.,  LL.D.,  of  the  Inner  Temple  and  Northern  Circuit:  Barrister-at-Law.    SECOND 

Edition,  Thoroughly  Revised  and  Enlarged.    Price  4s.  6d. 

"  Invaluable  to  masters.    .    .    .    We  can  fully  recommend  it." — Shipping  Gazette. 

^  ??^;^.^^  ^^^  Surgical  Help  for  Shipmasters.    Including  First 

Aid  at  Sea     By  Wm.  Johnson  Smith,  F.R.C.S.,  Principal  Medical  Officer,  Seamen's 
Hospital,  Greenwich.    Third  Edition,  Thoroughly  Revised     6s 

"SOUND,  JUDICIOUS,  REALLY  HELPFUL."— TAe  Lancet. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Introductory   Volume.     Price  Ss.  6d. 
THE 

British  Mercantile  Marine. 

By  EDWARD    BLACKMOE.E, 

MASTER  MARINER;    ASSOCIATE  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS; 

MEMBER  OF  THE  INSTITUTION  OF  ENGINEERS  AND  SHIPBUILDERS 

IN  SCOTLAND;  EDITOR  OF  GRIFFIN'S  "NAUTICAL  SERIES." 

General  Contents.— Historical  :  From  Early  Times  to  1486— Progress 
onder  Hem:y  VIII.— To  Death  of  Mary— During  Elizabeth's  Reigii— Up  to 
the  Reign  of  William  III. — The  18th  and  19th  Centuries — Institution  of 
Examinations  —  Rise  and  Progress  of  Steam  Propulsion  —  Development  of 
Free  Trade— Shipping  Legislation,  1862  to  1875— "  Locksley  Hall"  Case- 
Shipmasters'  Societies — Loading  of  Ships — Shipping  Legislation,  1884  to  1894 — 
Statistics  of  Shipping.  The  Personnel  :  Shipowners — Officers— Mariners — 
Duties  and  Present  Position.  Education  :  A  Seaman's  Education :  what  it 
should  be— Present  Means  of  Education— Hints.  Discipline  and  Duty— 
Postscript — The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matter 
demanding  the  Attention  of  the  Nation. 

"  Intbrestinq  and  Instructive  .  .  .  may  be  read  with  PBOFrr  and  bnjoyment."- 
OlatgotB  Herald. 

"EvKET  BRANCH  of  the  subject  is  dealt  with  in  a  way  which  shows  that  the  writer 
'knows  the  ropes'  familiarly."— 5cof*nian. 

"This  ADHiBABLE  book  .  .  .  TBEH8  With  Qseful  information— Shonld  be  in  the 
liAnds  of  every  Sailor."— ire««er«  Morning  News. 


Fourth  Edition,  Thoroughly  Revised.     With  Additional 
Illustrations.     Price  6s. 

ELEMENTARY     SEAMANSHIP. 

BT 

D.  WILSON-BARKER,  Master  Mariner;  F.R.S.E.,  F.R.G.S.,&c.,  &o. 

YOUNGER  BROTHER  OF  THE  TRINITY  HOUSE. 

With  Frontispiece,  Numerous  Plates  (Two  in  Colours),  and  lUustrationB 
in  the  Text. 

General  Contents.— The  Building  of  a  Ship;  Parts  of  Hull,  Masts, 
&c.— Ropes,  Knots,  Splicing,  &c.  —  Gear,  Lead  and  Log,  &c.  —  Rigging, 
Anchors  —  Sailmaking  —  The  Sails,  &c.  —  Handling  of  Boats  under  Sail  — 
Signals  and  Signalling— Rule  of  the  Road— Keeping  and  Relieving  Watch- 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  Phrases— Index. 
*.*  The  volume  contains  the  new  buleb  of  the  boad. 

"  This  ADMiBABLE  MANUAL,  by  Oapt.  "Wilson-Babkee  of  the  '  Worcester,*  seems  to  \xa 
PEBFECTLT  DESIGNED,  and  holds  its  place  excellently  in  '  Qbeffin's  Nautical  Sebies.'  .  .  . 
Although  intended  for  those  who  are  to  become  OflQcers  of  the  Merchant  Navy,  it  will  be 
found  useful  by  all  tachtsuen."— iKAmeum. 

*«*  For  complete  List  of  Qbiffin's  Nautical  Sebies,  see  p.  39. 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Second  Edition,  Revised  and  Illustrated.     Price  Ss.   6d. 

NAViaATION: 

PRACTICAXi     ILNIO      XJaEORE'XICJL]:!. 

By  DAVID  WILSON-BARKER,  R.N.R.,  F.R.S.E.,  &c.,  <feo., 

AND 

WILLIAM   ALLINGHAM, 

FIEST-CLASS  HONOURS,   NAVIGATION,  SCIENCE  AND  ART  DEPARTMENT. 

•Qmitb  Vlumcrous  JUustratione  anO  Bjamination  (auesttona* 

General  Contents. — Definitions — Latitude  and  Longitude — Instruments 
of  Navigation— Correction  of  Courses— Plane  Sailing— Traverse  Sailing— Day's 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sailing  —  Mercator's  Chart — 
Mercator  Sailing— Current  Sailing— Position  by  Bearings— Great  Circle  Sailing 
—The  Tides— Questions — Appendix :  Compass  Error — Numerous  Useful  Hints, 
&c. — Index. 

"  Pkecisely  the  kind  of  work  required  for  the  New  Certiflcatea  of  competency  in  grades 
from  Second  Mate  to  extra  Master.  .  .  .  Candidates  will  And  it  ^valuable."— i>M7i«te« 
Advertiser. 

"  A  CAPITAL  LITTLE  BOOK  .  .  .  Specially  adapted  to  the  New  Examinations.  The 
Authors  are  Oapt.  Wilson-Barker  (Captain-Superintendent  of  the  Nautical  College,  H.M.S. 
'  Worcester,'  who  has  had  great  experience  in  the  highest  problems  of  Navigation),  and 
Mb.  Allingham,  a  well-known  writer  on  the  Science  of  Navigation  and  Nautical  Astronomy. " 
—Shipping  World. 


Handsome  Cloth.     Fully  Illustrated.     Price  7s.  6d. 

MARINE    METEOROLOGY, 

FOR  OFFICERS  OF  THE  MERCHANT  NAVY. 
By   WILLIAM   ALLINGHAM, 

Joint  Author  of  "Navigation,  Theoretical  and  Practical." 

With  numerous  Plates,  Maps,  Diagrams,  and  Illustrations,  and  a  facsimile 
Reproduction  of  a  Page  from  an  actual  Meteorological  Log-Book. 

SUMMARY   OF   CONTENTS. 

Introductory.— Instruments  Used  at  Sea  for  Meteorological  Purposes.— Meteoro- 
logical Log-Books.— Atmospheric  Pressure.— Air  Temperatures.— Sea  Temper atmes.— 
Winds.— Wind  JForce  Scales. — History  of  the  Law  of  Storms.- Hurricanes,  Seasons,  and 
Storm  Tracks.— Solution  of  the  Cyclone  Problem.— Ocean  Currents.— Icebergs.— Syn- 
chronous Charts.— Dew,  Mists,  Fogs,  and  Haze.— Clouds.— Rain,  Snow,  and  Hail.— 
Mirage,  Rainbows,  Coronas,  Halos,  and  Meteors. — Lightning,  Corposants,  and  Auroras.— 
Questions.  —Appendix. —Index. 

"  Quite  the  best  publication,  and  certainly  the  most  inteeesting,  on  this  subject  ever 
presented  to  Nautical  men."— Shipping  Gazette. 

*^*  For  Complete  List  of  Griffin's  Nautical  Sebies,  see  p.  39. 
iONOON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRAND. 


4»  OHARLBH  GRJFFIN  S  OO.'S  PUBLICATIOifB, 

GRIFFIN^S    NAUTICAL   SERIES. 

Second  Edition,  Revised.     With  Numerous  Illustrations.    Price  3s.  6d. 

Practical  Mechanics: 

Applied  to  the  Requirements  of  the  Sailor. 
By    THOS.    MACKENZIE, 

Master  Mariner,  F.R.A.S. 
General  Contents. — Resolution  and  Composition  of  Forces — Work  done 
by  Machines  and  Living  Agents — The  Mechanical  Powers :  The  Lever ; 
Derricks  as  Bent  Levers— The  Wheel  and  Axle :  Windlass ;  Ship's  Capstan  ; 
Crab  Wmch— Tackles :  the  "Old  Man"— The  IncUned  Plane;  the  Screw— 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  Rope  : 
Steel  Wire,  Manilla,  Hemp,  Coir — Derricks  and  Shears— Calculation  of  the 
Cross-breaking  Strain  of  jPir  Spar — Centre  of  Effort  of  Sails — Hydrostatics : 
the  Diving-bell ;  Stability  of  Floating  Bodies  ;  the  Ship's  Pump,  &c. 

"  This  excellent  book  .  .  .  contains  a  large  amount  of  information." 
—Nature. 

"  Well  worth  the  money  .  .  .  will  be  found  exceedingly  helpful." — 
Shipping  World. 

"No  Ships'  Officers'  bookcase  will  henceforth  be  complete  without 
Captain  Mackenzie's  *  Practical  Mechanics.  '  Notwithstanding  my  many 
years'  experience  at  sea,  it  has  told  me  how  much  more  there  is  to  acquire." — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 

"  I  must  express  my  thanks  to  you  for  the  laboiu"  and  care  you  have  takep 
In  'Practical  Mechanics.'  .  .  .  It  is  a  life's  experience.  .  .  . 
What  an  amount  we  frequently  see  wasted  by  rigging  purchases  without  reason 
and  accidents  to  spars,  &c.,  &c. !  'Practical  Mechanics'  would  save  all 
this." — (Letter  to  the  Aut?ior  from  another  Master  Mariner). 


WORKS  BY  RICHARD  C.  BUCK, 

of  the  Thames  Nautical  Training  College,  H.M.S.  '  Worcester.' 

A  Manual  of  Trigonometry: 

With  Diagrams,  Examples,  and  Exercises.    Price  Ss.  6c/. 

Third  Edition,  Revised  and  Corrected. 
*»*  Mr.  Buck's  Text-Book  has  been  specially  prepared  with  a  view 
to  the  New  Examinations  of  the  Board  of  Trade,  in  which  Trigonometry 
is  an  obligatory  subject. 

"This  EMINENTLY  PRACTICAL  and  RELIABLE  VOLUME.'— iScA00/»»O«ier. 

A  Manual  of  Alg^ebra. 

Designed  fn  meet  the  Requirements  of  Sailors  and  others. 
Second  Edition,  Revised.  Price  3s.  6d. 
%*  These  elementary  works  on  algebra  and  trigonometry  are  written  specially  for 
those  who  will  have  little  opportunity  of  consulting  a  Teacher.  TJiiey  are  books  for  "sELy- 
HELP."  All  but  the  simplest  explanations  have,  therefore,  been  avoided,  and  answers  te 
the  Exercises  are  given  Any  person  may  readily,  by  careful  study,  become  master  of  thei'' 
contents,  and  thus  lay  the  foundation  for  a  further  mathematical  course,  if  desired.  It  is 
hoped  that  to  the  younger  Ofacers  of  our  Mercantile  Marine  they  will  be  found  decidedly 
serviceable.  The  Examples  and  Exercises  are  taken  from  the  Examination  Papers  set  for 
the  Oadets  of  the  "Worcester." 

"  Clearly  arranged,  and  well  got  up.    ...    A  first-rate  Elementary  Algebra.  — 
Nautical  Magazine. 

*%*For  complete  List  of  Griffin's  Nadtioal  Series,  see  p.  39. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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GRIFFIN^S  NAUTICAL   SERIES. 

Second  Edition,  Thoroughly  Revised  and  Extended.     In  Crown  8vo. 
Handsome  Cloth.     Price  4s.  6d. 

THE  LEGAL  DDTIES  OF  SHIPMASTERS. 

BY 

BENEDICT   WM.    GINSBUEG,   M.A.,   LL.D.   (Cantab.), 

Of  the  Inner  Temple  and  Northern  Circuit ;  Barrister-at-Law. 

General  Contents.— The  Qualification  for  the  Position  of  Shipmaster— The  Con- 
tract with  the  Shipowner— The  Master's  Duty  in  respect  of  the  Crew :  Engagement 
Apprentices ;  Discipline ;  Provisions,  Accommodation,  and  Medical  Comforts  ;  Payment 
of  Wages  and  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— The  Master's 
Financial  Responsibilities— The  Master's  Duty  in  respect  of  the  Cargo — The  Master's 
Duty  in  Case  of  Casualty — The  Master's  Duty  to  certain  Public  Authorities— The 
Master's  Duty  in  relation  to  Pilots,  Signals,  Flags,  and  Light  Dues— The  Master's  Duty 
upon  Arrival  at  the  Port  of  Discharge— Appendices  relative  to  certain  Legal  Matters : 
Board  of  Trade  Certificates,  Dietary  Scales,  Stowage  of  Grain  Cargoes,  Load  Line  Regula- 
tions, Life-saving  Appliances,  Carriage  of  Cattle  at  Sea,  <fec.,  &c.— Copious  Index. 

"  No  intelligent  Master  should  fail  to  add  this  to  his  list  of  necessary  books.    A  few  lines 
of  It  may  save  a  lawtke's  fee,  besides  endless  woeet." — Liverpool  Journal  of  Commerce. 

"Sensible,  plainly  written,  in  cleae  and  non-technical  language,  and  will  be  found  of 
MccH  SEEViCE  by  tlie  Shipmaster."— fir ta's/»  Trade  Review. 


Second  Edition,  Revised.     With  Diagrams.     Price  2s. 

Latitude  and  Longitude: 

Ho^yir    to    Fi]3.dL    tla^eixi* 

By    W.    J.    MILLAR,    C.E., 

Late  Secretary  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland. 
"  Concisely  and  clearly  written   .    .    .    cannot  but  prove  an  acquisition 
to  those  studying  Navigation." — Marine  Engineer. 

"  Young  Seamen  will  find  it  handy  and  useful,  simple  and  CLEAR."— TAe 


er. 


FIRST   AID    AT   SEA. 

Third  Edition,  Revised.     With  Coloured  Plates  and  Numerous  Illustra- 
tions, and  comprising  the  latest  Regulations  Respecting  the  Carriage 
of  Medical  Stores  on  Board  Ship.     Price  6s. 

A  MEDICAL  AMD  SDRGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 
//V    THE   MERCHANT  NAVY. 

By     WM.      JOHNSON      SMITH,     F.R.O.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

%•  The  attention  of  all  interested  in  our  Merchant  Navy  is  requested  to  this  exceedingly 
useful  and  valuable  work.  It  is  needless  to  say  that  it  is  the  outcome  of  many  years 
PRACTICAL  KXPERiENOE  amongst  Seamen. 

"  Sound,  judicious,  really  helpful." — The  Lancet. 

*^*  For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 
LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAMD 
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GRIFFIN^S   NAUTICAL   SERIES, 

Ninth  Edition.    Revised,  ivith  Chapters  on  Trim,  Buoyaiicy,  and  Calcvla- 
tions.  Numerous  Illustrations.  Handsome  Cloth,  Crovm  8vo.  Price  7s.  6d. 

KNOW    YOUR    OWN    SHIP. 

By   THOMAS   WALTON,  Naval  Architect. 

Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others. 

This  work  explains,  in  a  simple  manner,  such  important  subjects  as:— Displacement, — 
Deadweight.— Tonnage. — Freeboard.  —Moments.  —  Buoyancy.— Strain.— Structure. — Stab- 
ility.—Rolling.— Ballasting. —Loading.— Shifting  Cargoes.  — Admission  of  Water.— Sail 
Area.— &c. 

"The  little  book  will  be  found  exceedingly  haxdy  by  most  officers  and  officials  connected 
with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain  lasting  success,  because  of  its  unique 
fitness  for  those  for  whom  it  has  been  writ  eu."— Shipping  World. 


BY    THE    SAME    AUTHOR. 


Steel  Sbips:  Their  Constrnction  and  Maintenance. 


(See  page  38.) 


Sixteenth    Edition,    TJtorougJily    Revised.      Large    8vo,    Cloth. 

pp.   i-xxiv  +  708.       With   280   Illustrations,    reduced  Jrom 

Working  Drawings,  and  8  Plates.     21s.  net, 

A    MANUAL    OF 

MARINE   ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.E.  SEATON,  M.I.C.E.,  M.I.Meeh.E.,  M.I.N.A. 

General  Contents. — Part  I. — Principles  of  Marine  Propulsion. 
Part  II.  —  Principles  of  Steam  Engineering.  Part  III. —  Details  of 
Marine  Engines  :  Design  and  Calculations  for  Cylinders,  Pistons,  Valves, 
Expansion  Valves,  &c.  Part  IV. —  Propellers.  Part  V. — Boilers. 
Part  VI. — Miscellaneous. 

"The  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  most  valuable 
Handbook  of  Reference  on  the  Marine  Engine  now  in  existence."— Iforine  Engineer. 


Ninth  Edition,  Thoroughly  Revised.     Pocket-Size,  Leather.     8s.  6d. 
A  POCKET-BOOK   OF 

MARINE  ENGINEERING  RULES  AND  TABLES, 

FOR   THE   USE   OF 

Marine  Engineers,  Naval  Architects,  Designers,  Draughtsmen, 
Superintendents  and  Others. 

By  a.  E.  SEATON,  M.LO.E.,  M.I.Meeh.E.,  M.I.N.A., 

AND 

H.  M.  ROUNTHWAITE,  M.LMech.E.,  M.I.N.A. 

"  The  best  book  of  its  kind,  and  the  information  is  both  up-to-date  and  reliable."— 
Engineer. 

leNDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAMO, 
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WORKS  BY  PROF.  ROBERT  H.  SMITH,  Assoe.M.LC.E., 

M.LMech.E.,  M.LE1.E.,  M.I.Min,E.,  Whit  Sch.,  M-OrdMeijl 


THE     CALCULUS     FOR     ENGINEERS 
AND     PHYSICISTS, 

Applied  to   Teehnieal   Problems. 

WITH  EXTENSIVE 

OliASSIPIED  REFERENCE  LIST  OP  INTEGRALS. 
By  PROF.  ROBERT  H.  SMITH. 

ASSISTED   BY 

R.    F.    MUIRHEAD,    M.A.,    B.Sc, 

Formerly  Olark  Fellow  of  Glasgow  University,  and  Lecturer  on  Mathematics  at 
Mason  College. 

In  Crown  8vo,  extra,  with  Diagrams  and  Folding -Plate.     8s.  6d. 

"  Pbof.  R.  H.  Smith's  book  will  be  serviceable  in  rendering  a  hard  road  as  bast  as  peactic- 
ABLE  for  the  non-mathematical  Student  and  Engineer."— ^tftencewm. 

"  Interesting  diagrams,  with  practical  illustrations  of  actual  occurrence,  are  to  be  found  here 
in  abundance.  Thb  vkbt  complbtb  ciassified  eeference  table  will  prove  very  useful  in 
saving  the  time  of  those  who  want  an  integral  in  a  hurry."— TAe  Engineer. 


MEASUREMENT    CONVERSIONS 

(English    and    French) : 

43  GRAPHIC  TABLES  OR  DIAGRAMS,  ON  28  PLATES. 

Showing  at  a  glance  the  Mutual  Conversion  of  Measurements 
in  Different  Units 

Cf  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  &c. 
For  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors. 
In   4tOy   Boards.      78.   6d. 
*  ^*  Prof.  Smith's  Conversion-Tables  form  the  most  unique  and  com- 
prehensive collection  ever  placed  before  the  profession.    By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error   in  calculation 
diminished.     It  is  believed  that  henceforth  no  Engineer's  Office  will  be 
considered  complete  without  them. 


Pocket  Size,  Leather  Limp,  Avith  Gilt  Edges  and  Rounded  Corners,  printed  on  Special 
Thin  Paper,  with  Illustrations,  pp.  i-xii  +  834.    Price  18s.  net. 

(THE    NEW    "  NYSTROM  ") 
THE    MECHANICAL    ENGINEER'S    REFERENCE    BOOK 

A  Handbook  of  Tables,  Formulm  and  Methods  for  Engineers, 
Students  and  Draughtsmen. 

By  henry  HARRISON  SUPLEE,  B.Sc,  M.E. 

"  We  feel  sure  it  will  be  of  great  service  to  mechanical  engineers."— JJnflfweermgr. 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRANa 
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Second  Edition.     In  Large  8vo.     Handsome  Cloth.     16s. 

CHEMISTRY    FOR    ENGINEERS. 

BY 

BERTRAM  BLOUNT,       and  A.  G.  BLOXAM, 

F.I.C.,  F.C.8.,  A.I.C.E.  F.I.C.,  F.C.8. 

GENERAL  CONTENTS.— Introduction— Chemistry  of  the  Chief  Materials 
of  Construction— Sources  of  Energy— Chemistry  of  Steam-raising — Chemis- 
try of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  the 
Winning  and  Manufacture  of  Metals. 

"  The  authors  have  bdccbeded  beyond  all  expectation,  and  have  prodnced  a  work  which 
should  Rive  fkesh  power  to  the  Engineer  and  Manufacturer."— T"/**  Timei. 


By  the  same  Authors,  "  Chemistry  for  Manufacturers,"  see  p.  71. 


THE    ELEMENTS    OF    CHEMICAL    ENGINEERING.     By 

J.  Grossmann,  M.A.,  Ph.D.,  F.I.C.  With  a  Preface  by  Sir 
William  Ramsay,  K.C.B.,  F.E.S.  In  Handsome  Cloth.  With 
nearly  50  Illustrations.     3s.  6d.  net.  [See  page  70. 


At  Press.    In  Demy  Quarto.     With  Diagrams  and  Worked  Problems. 
2s.  6d.  net. 

PROPORTIONAL    SET    SQUARES 

APPLIED  TO  GEOMETRICAL  PROBLEMS. 

By  Lieut. -Col.  THOMAS   ENGLISH,  Late  Royal  Engineers. 


Works  by  WALTER  R,  BROWNE,  M.A.,  M.lNST.C.E. 

THE    STUDENT'S    MECHANICS: 

An  Introduction  to  the  Study  of  Force  and  Motion. 

With  Diagrams.     Crown  8vo.     Cloth,  4s.  6d. 

"  Clear  in  style  and  practical  in  method,  'Thr  Student's  Mechanics'  is  cordially  to  be 
recommended  from  all  points  oivievr."—Athefueum. 


FOUNDATIONS    OF     MECHANICS. 

Papers  reprinted  from  the  Engineer.     In  Crown  8vo,  is. 
Demy  8vo,  with  Numerous  Illustrations,  9s. 

FUEL    AND    WATER: 

A   Manual  for   Users   of  Steam   and  Water. 
By    Prof.    FRANZ    SCHWACKHOfER  of  Vienna,   and 
WALTER   R.    BROWNE,   M.A.,  C.E. 
General  Contents.— Heat  and  Combustion— Fuel,  Varieties  of— Firing  Arrangements: 
Furnace,    Flues,    Chimney  —  The    Boiler,    Choice  of— Varieties — Feed-water    Heaters- 
Steam  Pipes — Water:  Composition,  Purification— Prevention  of  Scale,  &c.,  &c. 
"  The  Section  on  Heat  is  one  of  the  best  and  most  lucid  ever  ■wnttep. ."—Engineer. 

tONOON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET.  STRAND. 
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CRIFFIM^S    LOCAL    GOVERNMENT    HANDBOOKS, 

WORKS  SUITABLE  FOR  MUNICIPAL  AND  COUNTY  ENGINEERS, 
ANALYSTS,  AND  OTHERS. 

See  also  Davies'  Hygiene,  p.  99,  and  MacLeod's  Calculations,  p.  110  General  Catalogue. 

Gas  Manufacture  (The  Chemistry  of).  A  Handbook  on  the  Pro- 
duction, Purification,  and  Testing  of  Illuminating  Gas,  and  the  Assay  of  Bye-Pro- 
ducts. By  W.  J.  A.  BUTTERFIELD,  M.A.,F.I.C.,r.C.S.  With  Illustrations.  FOURTH 
Edition,  Revised.    Vol.  I.,  7s.  6d.  net.    Vol.  II.,  in  preparation.  [See  page  77. 

Water  Supply  :  A  Practical  Treatise  on  the  Selection  of  Sources  and  the 
Distribution  of  Water.  By  Reginald  E.  Middleton,  M.Inst.C.E.,  M.Inst.Mech.E., 
F.S.I.    With  Numerous  Plates  and  Diagrams.    Crown  8vo.    Ss.6d.net.  [See  page  77. 

Central  Electrical  Stations :  Their  Design,  Organisation,  and  Manage- 
ment. ByC.  H.  WORDINQHAM,  A.K.C.,M.I.C.E.  SECOND  EDITION.  24s.net.  [Seep.  48. 

Electricity  Control.  By  Leonard  Andrews,  A. M.Inst.C.E.,  M.I.E.E. 

12s.  6d.  net.  *                                                                           [See  page  48. 

Electricity  Meters.  By   Henry  G.  Solomon,  A.M. Inst. E.E.      16s. 

net.  [See  page  49. 

Trades'  Waste  :  Its  Treatment  and  Utilisation,  with  Special  Reference 
to  the  Prevention  of  Rivers'  Pollution.  By  W.  Naylor,  F.C.S.,  A.M.Inst.C.E. 
With  Numerous  Plates,  Diagrams,  and  Illustrations.    21s.  net.  [See  page  76. 

Calcareous  Cements :  Their  Nature,  Preparation,  and  Uses.  With 
some  Remarks  upon  Cement  Testing.  By  Gilbert  Redgrave,  Assoc.Inst.C.E., 
and  Chas.  Spackman,  F.C.S.  With  Illustrations,  Analytical  Data,  and  Appendices 
on  Costs,  &c.    15s.  net.  [See  page  76. 

Road  Making"  and  Maintenance  :  A  Practical  Treatise  for  Engineers, 
Surveyors,  and  others.  With  an  Historical  Sketch  of  Ancient  and  Modern  Practice. 
By  Thomas  Aitken,  Assoc. M.Inst.C.E.,  M.  Assoc.  Municipal  and  County  Engrs.; 
M.  San.  Inst.    Second  Edition,  Revised.    Fully  Illustrated.  [See  page  79 

Light  Railways  at  Home  and  Abroad.    By  William  Henry  Cole, 

M.Inst.C.E.,  late  Deputy  Manager,  North-Western  Railway,   India.     Large  8vo, 
Handsome  Cloth,  Plates  and  illustrations.    16s.  [See  page  30. 

Practical  Sanitation  :  A  Handbook  for  Sanitary  Inspectors  and  others 
interested  in  Sanitation.  By  Geo.  Reid,  M.D.,  D.P.H.,  Medical  Officer,  Staffordshire 
County  Council.  With  Appendix  (re-written)  on  Sanitary  Law,  by  Herbert  Manley, 
M.A.,  M.B.,  D.P.H.,  Barrister-at-Law.  Thirteenth  Edition,  Thoroughly  Revised. 
6s.  [See  page  78. 

Sanitary  Engineering:  A  Practical  Manual  of  Town  Drainage  and 
Sewage  and  Refuse  Disposal.  By  Francis  Wood,  A.M.Inst.C.E.,  F.G.S.  'Second 
Edition,  Revised.    Fully  Illustrated.    8s.  6d.  net.  [See  page  78. 

Dairy  Chemistry:  A  Practical  Handbook  for  Dairy  Managers,  Chemists, 
and  Analysts.  By  H.  Droop  RICHMOND,  F.I.C.,  Chemist  to  the  Aylesbury  Dairy 
Company.    With  Tables,  Illustrations,  &c.    Handsome  Cloth,  16s.  [See  page  73. 

Dairy  Analysis :  The  Laboratory  Book  of.  By  H.  Droop  Richmond, 
F.I.C.    Fully  Illustrated,  Cloth.    2s.  6d.  net.  [See  page  73. 

Milk :  Its  Production  and  Uses.  With  Chapters  on  Dairy  Farming, 
The  Diseases  of  Cattle,  and  on  the  Hygiene  and  Control  of  Supplies.  By  Edward  F. 
WiLLOUGHBY,  M.D.  (Loud.),  D.P.H.  (Lond.  and  Camb.),     6s.  net.  [See  page  73. 

Flesh  Foods :  With  Methods  for  their  Chemical,  Microscopical,  and 
Bacteriological  Examination.  A  Handbook  for  Medical  Men,  Inspectors,  Analysts, 
and  others.  By  C.  Ainsworth  Mitchell,  B.A.,  F.I.C,  Mem.  Council  Soc.  of  Public 
Analysts.  With  numerous  Illustrations  and  a  coloured  Plate.    10s.  6d.  [See  page  74. 

Foods:  Their  Composition  and  Analysis.  By  A.  Wynter  Blyth, 
M.R.C.S.,  F.C.S.,  Public  Analyst  for  the  County  of  Devon,  and  M.  W  Blyth, 
B.A.,  B.Sc.  With  Tables,  Folding  Plate,  and  Frontispiece.  Fifth  Edition, 
Thoroughly  Revised.    21s.  [See  page  72. 
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ELECTRICAL    ENGINEERING. 

Second  Edition,  Revised.     In  Large  %vo.     Handsome  Cloth.      Profusely 
Illustrated  with  Plates^  Diagrams^  and  Figures.     24s.  net. 

CENTRAL  ELECTRICAL  STATIOMS: 

Their  Design,  Organisation,  and  Management. 

By  CHAS.  H.  WORDINGHAM,  A.K.C.,  M.Inst.C.E.,  M.Inst.Mech.E., 

Late  Memb.  of  Council  InstE.E.,  and  Electrical  Engineer  to  the  City  of  Manchester  ; 
Electrical  Engineer-in-Chief  to  the  Admiralty. 

ABRIDGED     CONTENTS. 

Introductory. — Central  Station  Work  as  a  Profession. — As  an  Investment. — The  Estab- 
lishment of  a  Central  Station  — Systems  of  Supply. — Site. — Architecture. — Plant. — Boilers  — 
Systems  of  Draught  and  Waste  Heat  Economy. — Coal  Handling,  Weighing,  and  Storing- 
The  Transmission  of  Steam.  —  Generators.  —  Condensing  Appliances.  —  Switching  Gear, 
Instruments,  and  Connections. — Distributing  Mains. — Insulation,  Resistance,  and  Cost. — 
Distributing  Networks.  —  Service  Mains  and  Feeders.  —  Testing  Mains.  —  Meters  and 
Appliances. — Standardising  and  Testing  Laboratory. — Secondary  Batteries. — Street  Light- 
ing. —  Cost.  —  General  Organisation  —  Mains  Department.  —  Installation  Department.  — 
Standardising  Department. — Drawing  OflSce  — Clerical  Department.  —  The  Consumer. — 
Routine  and  Main  Laying. — Index. 

"One  of  the  most  valuable  contributions  to  Central  Station  literature  we  have  had 
for  some  t\m^."— Electricity. 


In  Large  8vo.     Handsome  Cloth.     Profusely  Illustrated.     12s.  6d.  net. 

ELECTRICITY    CONTROL. 

A  Treatise  on  Eleetrie  Switehgeap  and  Systems  of  Electric  Transmission. 
By     LEONARD    ANDREWS, 

Associate  Member  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  of 
Electrical  Engineers,  &c 

General  Principles  of  Switchgear  Design.— Constructional  Details. — Circuit  Breakers  or 
Arc  Interrupting  Devices. — Automatically  Operated  Circuit- Breakers. — Alternating  Reverse 
Current  Devices.  —  Arrangement  of  'Bus  Bars,  and  Apparatus  for  Parallel  Running. — 
General  Arrangement  of  Controlling  Apparatus  for  High  Tension  Systems.  —  General 
Arrangement  of  Controlling  Apparatus  for  Low  Tension  Systems. — Examples  of  Complete 
Installations. — Long  Distance  Transmission  Schemes. 

"Not  often  does  the  specialist  nave  presented  to  him  so  satisfactory  a  book  as  this.  .  .  . 
We  recommend  it  without  hesitation  to  Central  Station  Engineers,  and,  in  fact,  to  anyone 
interested  in  the  subject." — Pmver. 


Eighteenth  Edition.     Leather,  Pocket  Size.     8s.  6d. 

A    POCKET-BOOK 

OF 

ELECTRICAL   RULES   &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 

By  JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.B. 

aENERAL      CONTENTS. 

Units  of  Measurement.  —  Measures.  —  Testmg,  —  Conductors.  —  Dielectrics.  —  Submarine 
Cables. — Telegraphy. — Electro-Chemistry. — Electro-Metallurgy. — Batteries. — Dynamos  and 
Motors. — Transformers. — Electric  Lighting. — Miscellaneous. — Logarithms. — Appendices. 

"  Wonderfully  Pkrfbct.      .     .     .     Worthy  of  the  highest  commendauon  we  can 
give  it."— Electrician. 

LONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET.  STRAND. 
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In  Large  8vb.     Profusely  Illustrated.     8s.  6d.  net. 

WIRELESS    TELEGRAPHY. 

By    GUSTAVE    EICHHORN,     Ph.D. 

Contents. — Oscillations. — Closed  Oscillation  Systems. — Open  Oscillation 
Systems. — Coupled  Systems. — The  Coupling  Compensating  the  Aerial  Wire. — 
The  Receiver. — Comparative  Measurement  in  the  Sender. — Theoretical  Results 
and  Calculations  in  respect  of  Sender  and  Receiver. — Closely- Coupled  Sender 
and  Receiver. — Loose-Coupled  Sender  and  Receiver. — Principal  Formulae. — 
The  Ondameter. — Working  a  Wireless  Telegraph  Station. — Modern  Apparatus 
and  Methods  of  Working. — Conclusion. — Bibliography. — Index. 

"Well  written  .  .  .  and  combines  with  a  good  deal  of  description  a  careful 
investigation  of  the  fundamental  theoretical  phenomena." — Nature. 


Large  Svo,  Handsome  Cloth,  with  334  Pages  and  307  Illustrations. 

16s.  net. 

ELECTRICITY     METERS. 

By  henry    G.   SOLOMON,   A.M.Inst.E.E. 

Contents.  —  Introductory. — General  Principles  of  Continuous  -  Current 
Meters. — Continuous-Current  Quantity  Meters.— Continuous-Energy  Motor 
Meters. — Different  Types. — Special  Purposes,  i.  e. ,  Battery  Meters,  Switchboard 
Meters,  Tramcar  Meters. — General  Principles  of  Single-  and  Polyphase  Induc- 
tion Meters.— Single -phase  Induction  Meters. — Polyphase  Meters.— Tariff 
Systems. — Prepayment  Meters. — Tariff  and  Hour  Meters. — Some  Mechanical 
Features  in  Meter  Design. — Testing  Meters. — Index. 

"  An  earnest  and  successful  attempt  to  deal  comprehensively  with  modern  methods  of 
measuring  current  or  power  in  electrical  irxstSkW&lions."— Engineering. 

'•"•  Trustworthy  information.  .  .  .  We  can  confidently  recommend  the  book  to  every 
electrical  Qngiueev" — Electricity. 


Second  Edition,  Cloth,  8s.  6d.     Leather,  for  the  Pocket,  8s.  6d. 

GRIFFIN'S  ELECTRICAL  PRICE-BOOK :  For  Electrical,  Civil, 
Marine,  and  Borough  Engineers,  Local  Authorities,  Architects,  Railway 
Contractors,  &c.,  &c.     Edited  by  H.  J.  Dowsing. 

"  The  Electrical  Prick-Book  removes  all  mystery  about  the  cost  of  Electrical 
Power.  By  its  aid  the  expense  that  will  be  entailed  by  utilising  electricity  on  a  large  or 
small  scale  can  be  discovered." — Architect. 


ELECTRIC  SMELTING  AND  REFINING.  By  Dr.  W.  Borchers 
and  W.  G.  McMillan.  Second  Edition,  Revised  and  Enlarged. 
21s.  net.  [See  page  67. 

ELECTRO -METALLURGY,  A  jTreatise  on.  By  Walter  G. 
McMillan,  F.I.C,  F.C.S.  Second  Edition,  Revised  and  in 
Part  Re-Written.     10s.  6d.  [See  page  67. 

ELECTRICAL  PRACTICE  IN  COLLIERIES.  By  D.  Burns,  M.E., 
M.Inst.M.E.  Second  Edition,  Revised  and  greatly  Enlarged. 
7s.  6d.  net.  [See  page  56. 
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By  PROFESSORS  J.  H.  POYNTING  &  J.  J.  THOMSON. 

In  Five  Volumes.     Large  Svo.     Sold  Separately. 

A  TEXT-BOOK  OF  PHYSICS. 

J.  H.  POYNTING,  J.  J.  THOMSON, 

SC.D.,  F.E.8.,  AND  M-A'i  ^-a-S-i 

l<ate  Fellow  of  Trinity  College,  Cambridge;  Fellow  of  Trinity  College,  Cambridge;  Prof. 

Professor  of  Physics,  Birmingham  of  Experimental  Physics  in  the  University 

University.  of  Cambridge. 


Introductory  Volume.     Fourth  Edition,  Eevised.     Fully  Illustrated. 

10s.  6d. 

PI^OPEIf^TISS    OF    ^^iLJRJT^lSlTt. 

Contents.  —  Gravitation.  —  The  Acceleration  of  Gravity.  —  Elasticity.  —  Stresses  and 
Strains.— Torsion.— Bending  of  Rods.— Spiral  Springs.  — Collision.— Compressibility  of 
Liquids. — Pressures  and  Volumes  of  Gases.— Thermal  Effects  Accompanying  Strain. — 
Capillarity. — Surface  Tension. — Laplace's  Theory  of  Capillarity. — Diffusion  of  Liquids  — 
DifiuBion  of  Gapos.— Viscosity  of  Liquids.— Index. 

"  Students  of  physics  cannot  fail  to  derive  benefit  from  the  hook."— Knoioledge. 

"We  regard  tliis  book  as  quite  indispensable  not  merely  to  teachers  but  to  ))hysicists  of  every 
rade  above  the  Xoyi est."— University  Correspondent. 


Volume  II.     Fourth  Edition.     Fully  Illustrated.     Price  8s.  6d 

S  O  XJ  1^  D. 

OoNTENTS.— The  Nature  of  Sound  and  its  chief  Characteristics.— The  /elocity  of  Sound 
In  Air  and  other  Media.— Reflection  and  Rsfraction  of  Sound.— Frequency  and  Pitch  of 
Notes.— Resonance  and  Forced  Oscillations.— Analysis  of  Vibrations.— The  Transverse 
Vibrations  of  Stretched  Strings  or  Wires— Pipes  and  other  Air  Cavities.— Rods.— Plates. 
—Membranes.— Vibrations  maintained  by  Heat.— Sensitive  Flames  and  Jets.— Musical 
Sand.— The  Superposition  of  Waves.— Indkx. 

"  The  work  .  .  .  may  be  recommended  to  anyone  desirous  of  possessing  an  bast 
OP-TO-DATE  Standard  Tbeatise  on  Acoustics." — Literature. 

"Very  clearly  written.  .  .  .  The  names  of  the  authors  are  a  guarantee  of  the 
SCIENTIFIC  ACCUKACY  and  up-TO  DATE  CHARACTEB  of  the  'woTk.'"— Educational  Times. 


Volume  III.     Second  Edition,  Revised.    Fully  Illustrated.     Price  15s. 

HEAT. 

Contents.  —Temperature.  —Expansion  of  Solids.  —Liquids. —Gases.  —  Circulation 
and  Convection.— Quantity  of  Heat ;  Specific  Heat.— Conductivity.— Forms  of  Energy ; 
Conservation ;  Mechanical  Equivalent  of  Heat.— The  Kinetic  Theory.— Change  of  State ; 
Liquid  Vapour.  —  Critical  Points.  —  Solids  and  Liquids.  —  Atmospheric  Conditions.  — 
Radiation.— Theory  of  Exchanges.— Radiation  and  Temperature. — Thermodynamics.— 
Isothermal  and  Adiabatic  Changes.— Thermodynamics  of  Changes  of  State,  and  Solu- 
tions.— Thermodynamics  of  Radiation.— Index. 

;i"Well  up-to-date,  and  extremely  clear  and  exact  throughout.    ...    As  clear  as 
it  would  be  possible  to  make  such  a  text-book."— A^atwre. 

Remaining  Volumes  in  Preparation — 
LIGHT;   MAGNETISM  AND  EIiECTRICITY. 


THE  MEAN  DENSITY  OF  THE  EARTH :  An  Essay  to  which  the 

Adams  Prize  was  adjudged  in  1893  in  the  University  of  Cambridge.     By  J,  H. 
POYNTING,  Sc.D.,  F.R.S.,  Late  Fellow  of  Trinity  College,  Cambridge;  Professor  of 
Physics,  Binningham  University.    In  Large  Svo,  with  Bibliography,  Illustrations  in 
the  Text,  and  Seven  Lithogi-aphed  Plates.    12s.  6d, 
"Cannot  fail  to  be  of  great  and  general  interest."— -4<Ae?ioBttm. 
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Demy  8vo,  HandsoTne  cloth,  34s. 

StratlgrapMcal  Geology  &  Paleontology, 

OJf    THE    BASIS    OF  PHILLIPS. 
By  ROBERT    ETHERIDGE,   F.  R.  S., 

OP  THH  NATURAL  HIST.  DEPARTMENT,  BRITISH  MUSEUM,  LATE  PALEONTOLOGIST  TO  THB 

GEOLOGICAL  SURVEY  OF  GREAT  BRITAIN,  PAST  PRESIDENT  OF  THB 

GEOLOGICAL  SOCIETY,  ETC. 

TIDlitb  Aap,  flumeroug  XTablee,  an&  trbirti2*sij  plates. 

"  No  such  compendium  of  geological  knowledge  has  ever  been  brought  together  before." — 
Westminster  Review. 

"  If  Prof.  Skklky's  volume  was  remarkable  for  its  originality  and  the  breadth  of  its  views, 
Mr.  Ethbridgk  fully  justifies  the  assertion  made  in  his  preface  that  his  book  diflfers  in  con- 
struction and  detail  from  any  known  manual.  .  .  .  Must  take  high  rank  among  works 
OF  ttKrKiiStiCK."—AtAefueum. 


AIDS    IN 
PRACTICAL     GEOLOGY: 

WITH  A    SECT/ON  ON  PALMONTOLOGY. 

By  professor  GRENVILLE   COLE,  M.R.I.A.,  F.G.S. 

Fifth  Edition,  Thoroughly  Revised.      With  Frontispiece  and 
Illustrations.     Cloth.     los.  6d. 

GENERAL    CONTENTS.— 
PART     I.— Sampling  of  the  Earth's  Crust, 
PART    II.— Examination  of  Minerals. 
PART  III.— Examination  of  Rocks. 
PART  IV.— Examination  of  Fossils. 

"Deserving  of  the  highest  praise.  Here  indeed  are  'Aids'  innumerable  and 
invaluablb.  All  the  directions  are  given  with  the  utmost  clear aess  and  precision." — 
Athenautn. 

"That  the  work  deserves  its  title,  that  it  is  full  of  Aids,  and  in  the  highest  degree 
'  practical,'  will  be  the  verdict  of  all  who  use  W— Nature. 


An  Introduction  to  GeoIog:y  Out-of-doors. 

By   professor  GRENVILLE   COLE,    M.R.I. A.,   F.G.S. 

For  details,  see  Griffin's  Introductory  Science  Series,  p.  85. 


Crown  %vo.     Handsome  Cloth.     2s.  6d. 

RESEARCHES  ON  THE  PAST  AND  PRESENT  HISTORY 

of 

THE     EARTH'S    ATMOSPHERE. 

Inducting  the  latest  Discouen'es  and  their  Practical  Applications. 

By  dr.  THOMAS  LAMB  PHIPSON. 

Part  I.  — The  Earth's  Atmosphere  in  Remote  Geological  Periods. 
Part  II. — The  Atmosphere  of  our  present  period.     Appendices  ;  Index. 

"The  book  should  prove  of  interest  to  general  readers,  as  well  as  to  meteorologists  and 
■other  students  of  science." — Nature. 
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GRIFFIN^S  "NEW  LAND"  SERIES. 

Practical  Hand-Books  for  tlie   Use  of  Prospectors^  Explorers^ 

Settlers,  Colonists,  and  all  Interested  in  tlie  opening 

up  and  Development  of  New  Lands. 

Edited  by  GRENVILLE  A.  J.  COLE,  M.R.I.A.,  F.G.S., 

Professor  of  Geology  in  the  Boyal  College  of  Science  for  Ireland,  and  Examiner  in 

the  University  of  London. 


In  Grown  Svo.     Handsome  GLoth.     5s. 
With  Numerous  Maps  Specially  Drawn  and  Executed  for  this   Work. 

NEW     LANDS: 

THEIR    RESOURCES    AND     PROSPECTIVE 
ADVANTAG-ES. 

By  HUGH  ROBERT  MILL,  D.Sc,  LL.D.,  F.R.S.E., 

"A  want  admirably  supplied.    .    .    .    Has  the  advantage  of  being  written  by  a  pro- 
fessed Qi&ogc&T^h&v.'" —Geographical  Journal. 


With  many  Engravings  and  Photographs.     Handsome  Cloth,  4s.  6d. 

I^OOD      STJPI>LX. 

By   ROBERT    BRUOE, 

Agricultural  Superintendent  to  the  Royal  Dublin  Society. 

With  Appendix  on  Preserved  Foods  by  C.  A.  Mitchell,  B.A.,  F.LC. 

"  The  work  is  one  which  will  appeal  to  those  intending  to  become  farmers  at  home 
or  in  the  Colonies,  and  who  desire  to  obtain  a  general  idea  of  the  true  principles  of 
farming  in  all  its  branches."— JoM/nai  of  the  Royal  Colonial  Inst. 


Fourth  Editiojst,  Revised.       With  Illustrations.      Handsome  Cloth,  58. 

PROSPECTING  FOR  MINERALS. 

A   Practical  Handbook  for   Prospectors,    Explorers,    Settlers,   and  all 
interested  in  the  Opening  up  and  Development  of  New  Lands. 

By  S.  HERBERT  COX,  Assoc.R.S.M.,  M.Inst.M.M.,  F.G.S., 
Professor  of  Mining  at  the  Royal  School  of  Mines. 

General  Contents. — Introduction  and  Hints  on  Geology — The  Determina- 
tion of  Minerals :  Use  of  the  Blow-pipe,  &c. — Rock-forming  Minerals  and  Non- 
Metallic  Minerals  of  Commercial  Value :  Rock  Salt,  Borax,  Marbles,  Lithe- 
graphic  Stone,  Quartz  and  Opal,  &c.,  &c. — Precious  Stones  and  Gems — Stratified 
Deposits:  Coal  and  Ores— Mineral  Veins  and  Lodes — Irregular  Deposits— 
Djmamics  of  Lodes  :  Faults,  &c. — Alluvial  Deposits — Noble  Metals  :  Gold, 
Platinum,  Silver,  &c. — Lead — Mercury — Copper — Tin — Zinc — Iron — Nickel, 
&c. — Sulphur,  Antimony,  Arsenic,  &c. — Combustible  Minerals — Petroleum — 
General  Hints  on  Prospecting — Glossary — Index. 

"  This  admirable  little  work  .  .  .  written  with  soientipio  aoouraot  in  a 
CLEAR  and  lucid  style.  ...  An  important  addition  to  technical  literature  .  .  . 
—Mining  Journal. 
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SIR  CLEMENT  LE  NEVE   FOSTER,  D.Se.,  F.R.S. 

Sixth  Edition.     With  Frontispiece  and  716  Illustrations.    Price  34s. 

ORE  &  STONE   MINING. 

By  Sir  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

LATE  PROPRSSOR  OF   MINING.  ROYAL   COLLEGE   OF  SCIENCE. 

Revised,  and  brought  up-to-date 
By  BENNETT  H.  BROUGH,  F.G.S.,  Assoc.R.S.M. 

GENERAL  CONTENTS. 
INTRODUCTION.  Mode  of  Oeeurrenee  of  Minerals.— Prospecting.— Boring. 
—Breaking  Ground.— Supporting  Excavations.— Exploitation.— Haulage  or 
Transport.— Hoisting  or  Winding.  —  Drainage .  —  Ventilation.  —  Lighting.— 
Descent  and  Ascent.— Dressing— Principles  of  Employment  of  Mining  Labour. 
—  Legislation  affecting  Mines  and  Quarries.  —  Condition  of  the  Miner.— 
Aeeidents.— Index. 

"We  have  seldom  had  the  pleasure  to  review  a  work  so  thorough  and  complete  as 
the  present  one.    Both  in  manner  and  in  matter  it  is  FAR  superior  to  anything  on 

ITS  SPECIAL  SUBJECT  HITHERTO  PUBLISHED  IN  ENGLAND."— :i«/iencBttm. 

"  Not  only  is  this  work  the  acknowledged  text-book  on  metal  mining  in  Great  Britain 
and  the  Colonies,  but  that  it  is  so  regarded  in  the  United  States  of  America  is  evidenced 
by  the  fact  that  it  is  the  book  on  that  subject  recommended  to  the  students  in  most  of 
the  mining  schools  of  that  country."— rAe  Times. 


In  Crown  8vo.    Handsome  Cloth.     With  nearly  300   Illustrations,  many  of 
them  being  full  page  reproductions  of  views  of  great  interest.   Price  7s.  6d.  net. 

THE  ELEMENTS  OF  MINING  AND  QUARRYING. 

An  Introductory  Text-Book  for  Mining  Students. 
By  Sir  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

Professor  of  Mining  at  the  Royal  College  of  Science,  London,  with  which  is  Incorporated 
the  Royal  School  of  Mines ;  lately  one  of  H.M.  Inspectors  of  Mines. 

General  Contents.  —  Introduction.  —  Occurrence  of  Minerals.  —  Pro- 
specting.— Boring.  — Breaking  Ground. — Supporting  Excavations. — Exploita- 
tion.— Haulage  or  Transport. — Hoisting  or  Winding.— Drainage. — Ventilation. 
— Lighting. — Descent  and  Ascent. —Dressing,  «!kc. — Index. 

*'  A  remarkably  clear  survey  of  the  whole  field  of  mining  oiierations."— Engineer. 

"  Rarely  does  it  fall  to  the  lot  of  a  reviewer  to  have  to  accord  such  unqualified  praise  as 
this  book  deserves.  .  .  .  The  profession  generally  have  every  reason  to  be  grateful  to 
Sir  C.  Le  Neve  Foster  for  having  enriched  educational  literature  with  so  admirable  an 
elementary  Text-book."— if im«^  Journal. 


In  Large  Crown  8vo.     Fully  Illustrated.     6s.  net. 

THE  INVESTIGATION  OF  MINE  AIR: 

An  Account  by  Several  Authors  of  the  Nature,  Significance,  and  Practical 

Methods  of  Measurement  of  the  Impurities  met  with  in  the 

Air  of  Collieries  and  Metalliferous  Mines. 

EDITED    BY 

Sir  CLEMENT  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 
And  J.  S.  HALDANE,  M.D.,  F.R.S. 

'•  We  know  of  nothing  essential  that  has  been  omitted.     The  book  is  liberally  supplied 
with  illustrations  of  apparatus." — Colliery  Guardian. 
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WORKS    ON    COAL-MINING, 

Fifth  Edition,  Revised  and  Greatly  Enlarged.     With  4  Plates  and 
670  Illustrations.     Price  24s.  net. 

A  TEXT-BOOK  OF  COAL-MINING : 

FOR   THE   USE  OF  COLLIERY  MANAGERS  AND  OTHERS 
ENGAGED   IN   COAL-MINING. 

By    HERBERT    WILLIAM    HUGHES,    F.G.S., 

Assoc.  Royal  School  of  Mines,  General  Manager  of  Sandwell  Park  Colliery. 

General  Contents. — Geology.— Search  for  Coal. — Breaking  Grouud.— 
Sinking.  —  Preliminary  Operations.  —  Methods  of  Working.  —  Haulage.  — 
Winding.  —Pumping. — Ventilation. — Lighting. — Works  at  Surface.  —  Pre- 
paration of  Coal  for  Market. — Index. 

"  Quite  THE  BEST  BOOK  of  its  kind    ...    as  practicai,  in  aim  as  a  book  can  be    .    .    .    The 
illustrations  are  excellent."— ^i7iewceM?n. 
"We  cordially  recommend  the  vrovk."— Colliery  Chutrdian. 
"Will  oon  come  to  be  regarded  as  the  standard  work  of  its  kind."  -Birmingham  Daily  Gazette. 


Fourth  Edition,  Thoroughly  Revised  and  Greatly  Enlarged.     Re-set 
throughout.     Large  Crown  8vo.     Handsome  Cloth.     12s.  6d 

PRACTICAL  COAL-MINING: 

A.     MANUAL     FOR     MANAGERS,     UNDER-MANAGERS, 
COLLIERY    ENGINEERS,     AND     OTHERS. 

With  WorJced-out  Problems  on  Haulage,  Pumping,  Ventilation,  &c. 

By   GEORGE    L.    KERR,    M.E.,    M.Inst.M.E. 

Contents.— The  Sources  and  Nature  of  Coal.— The  Search  for  Coal— 
Sinking. — Explosives. — Mechanical  Wedges. — Rock  Drills  and  Coal-cutting 
Machines. — Coal-cutting  by  Machinery. — Transmission  of  Power. — Modes  of 
Working. — Timbering  Roadways. — Winding  Coal. — Haulage. — Pumping. — 
Ventilation. — Safety  Lamps. — Surface  Arrangements,  Surveying,  Levelling, 
&c. 

"An  essentially  practical  work,  and  can  be  confidently  recommended.  No  department 
of  Coal-Mining  has  been  overlooked."— JEngrineers'  Qazettt. 


In  Crown  8vo.     Handsome  Cloth.     With  200  Illustrations.     3s.  6d. 

ELEMENTARY  COAL-MINING: 

FOR  THE  USE  OF  STUDENTS,  MINERS,  AND  OTHERS 
PREPARING  FOR  EXAMINATIONS. 

By  GEORGE  L.  KERR,  M.E.,  M.Inst.M.E. 

Contents.— Sources  and  Nature  of  Coal.— Exploration  and  Boring  for 
Coal.— Breaking  Ground.— Explosives,  Blasting,  &;c.— Sinking  and  Fitting 
of  Shafts. — Modes  of  Working. — Timbering  Roadways. — Winding  and 
Drawing.— Haulage.— Pumping  and  Drainage.— Ventilation.— Cleaning  and 
Sorting  Coal.— Surveying,  &c. 

"  An  abundance  of  information  conveyed  in  a  popular  and  attractive  form.  .  .  .  Will  be 
of  great  use  to  all  who  are  in  any  way  interested  in  coal  vaxning."— Scottish  Cntic. 
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Twelfth  Edition,   Revised.      With  Numerous  Diagrams. 
Cloth,  7s.  6d. 

A    TREATISE    ON    MINE-SURVEYING: 

For  the  use  of  Managers  of  Mines  and  CollierieSt  Students 
at  the  Royal  School  of  Mines,  dc. 

By    BENNETT   H.    BROUGH,    F.G.S.,   Assoc.R.S.M., 

Formerly  Instructor  of  Mine-Surveying,  Royal  School  of  Mines. 

Contents.  —  General  Explanations.  —  Measurement  of  Distances.  —  Miners 
Dial.— Variation  of  the  Magnetic  Needle. — Surveying  with  the  Magnetic  Needle 
in  the  Presence  of  Iron. — Surveying  with  the  Fixed  Needle. — The  German  Dial. — 
The  Theodolite. — Traversing  Underground.— Surface  Surveys  with  the  Theodo- 
lite.— Plotting  the  Survey. — Calculation  of  Areas. — Levelhng. — Connection  of  the 
Underground  and  Surface  Surveys. — Measuring  Distances  by  Telescope. — Setting- 
out, —  Mine-Surveying  Problems.  —  Mine  Plans. — Apphcation  of  the  Magnetic 
Needle  in  Mining. — Photographic  Surveys. — Appendices. — Index. 

"  Its  CLEARNESS  of  STYLE,  LUCIDITY  of  DESCRIPTION,  and  FULNESS  of  DETAIL  have  long  ago  won 
for  it  a  place  unique  in  the  literature  of  this  branch  of  mining  engineering,  and  the  present  edition  fully 
maintains  the  high  standard  of  its  predecessors.  To  the  student,  and  to  the  mining  engineer  alike,  ITS 
VALUE  is  inestimable.    The  illustrations  are  excellent."— 7"A«  Mining  journal. 


Crown  8vo.     Handsome  Cloth.     Illustrated.     6s. 

MINING    GEOLOGY. 

A   TEXT-BOOK   FOR   MINING   STUDENTS  AND   MINERS. 

By  prof.  JAMES  PARK,  F.G.S.,  M.Inst.M.M., 

lessor  of  Alining  and  Director  of  the  Otago  University  School  of  Mines  ;  late  Director 
Thames  School  of  Mines,  and  Geological  Surveyor  and  Mining  Geologist  to  the 
Government  or  New  Zealand 

General  Contents. — Introduction.— Classification  of  Mineral  Deposits.— Ore  Veins, 
their  Filling,  Age,  and  Structure. — The  Dynamics  of  Lodes  and  Beds.— Ore  Deposits 
Genetically  Considered— Ores  and  Minerals  Considered  Economically. — Mine  Sampling 
and  Ore  Valuation.— The  Examination  and  Valuation  of  Mines.— Index. 

"  A  work  which  should  find  a  place  in  the  library  of  every  mining  engineer." — 
Mining  World. 


Second  Edition.     In  Crown  8vo.     Handaome  Cloth.     With  30  New 
Illustrations.     *Js.  6c?  net. 

ELECTRICAL  PRACTICE  IN  COLLIERIES. 

By  D.  burns,  M.E.,  M.Inst.M.E., 

Certificated  Colliery  Manager,  and  Lecturer  on  Mining  and  Geology  to  the  Glasgow  and  West  of 
Scotland  Technical  College. 

Units  of  Measurement,  Conductors,  &c. — The  Theory  of  the  Dynamo.— The 
Djniamo,  Details  of  Construction  and  Working. — Motors. — Lighting  Installa- 
tions in  Collieries.  —  Pumping  by  Electricity.  —  Electrical  Haulage.  —  Coal 
Cutting.  —  Miscellaneous  Applications  of  Electricity  in  Mines.  —  Coal  Mines 
Regulation  Act  (Electricity).— Index. 

"A  clear  and  concise  introduction  to  electrical  practice  in  collieries."— Jfinin^ 
Journal. 
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WORKS  FOR  MINERS  AND   STUDENTS. 


In  Crown  8vo,  Handsome  Cloth.     8s.  6d.  net. 

MINING  LAW  OF  THE  BRITISH  EMPIRE. 

By  CHARLES  J.  ALFORD,  F.G.S.,  M.Inst.M.M. 

Contents.— The  Principles  of  Mining  Law.— The  Mining  Law  of  Great 
Britain.— British  India.— Ceylon.— Burma.— The  Malay  Peninsula.— British 
North  Borneo. —  Egypt.  —  Cyprus.  —  The  Dominion  of  Canada.  —  British 
Guiana.— The  Gold  Coast  Colony  and  Ashanti.— Cape  of  Good  Hope. — 
Natal.  —  Orange  River  Colony.  —  Transvaal  Colony.  —  Rhodesia.  —  The 
Commonwealth  of  Australia.— New  Zealand,  &c.— Index. 

'  Should  be  specially  useful  to  all  those  engaged  in  the  direction  of  mining  enter- 
prises."—i^mawciaZ  Times. 

"  Cannot  fail  to  be  useful    ...    we  cordially  recommend  the  hook."— Mming  World 


In  Large  Svo.     Fourth  Edition.     Price  10s.  6d. 

Mine  Accounts  and  Mining  Bool(-Keeping. 

Fop  Students,  Managers,  Secretaries,  and  others. 
With   Examples  taken  from   Actual   Practice  of   Leading   Companies. 

By  JAMES  GUNSON  LAWN,  A.R.S.M.,  A. M.Inst. C.E.,  F.G.S., 

Head  of  the  Mining  Department,  Camborne  School  of  Mines. 
Edited  by  Sir  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S. 

Contents.— Introduction.— Part  I.  Engagement  and  Payment  of  Work- 
men.—  Engagement  of  Workmen  and  Period  between  Pay  Days.  —  Data 
determining  Gross  Amount  due  to  Men.^Deductions.  — Paj'-  Sheets,  Due  Bills. 
— Pay  Tickets.  Part  II.  Purchases  and  Sales.— Purchavse  and  Distribution 
of  Stores.  —Sales  of  Product.  _  Part  III.  Working  Summaries  and  Analyses. 
— Summaries  of  Minerals  Raised,  Dressed,  and  Sold,  and  of  Labour. — Analyses 
of  Costs. — Accounts  forwarded  to  Head  Office.  Part  IV.  Ledger,  Balance- 
Sheet,  and  Company  Books.— Head  Office  Books.— Redemption  of  Capital 
— General  Considerations  and  Companies  Books.  Part  V.  Reports  and 
Statistics. — Reports  of  Workings  and  Machinery  of  Mining  Companies. — 
Mining  Statistics.— Bibliography.  —Index. 

"It  seems  impossible  to  suggest  how  Mr.  Lawn's  book  could  be  made  more  complete  or 
more  valuable,  carefal,  and  eTdi&xxative."— Accountants'  Magazine. 


Second  Edition.     In  Pocket  Size,  Strongly  Boimd  in  Leather,  3s.  6d. 
Provided  with  Detachable  Blank  Pages  for  MS. 

THE    MINING    ENGINEERS'    REPORT    BOOK 

AND  DIRECTORS'  AND  SHAREHOLDERS'  GUIDE  TO  MINING  REPORTS. 

By  EDWIN  R.   FIELD,  M.Inst.M.M. 

With  Notes  on  the  Valuation  of  Property,  and  Tabulating  Reports, 

Useful  Tables,  and  Examples  of  Calculations,  dc. 
"An  admirably  compiled  book  which  Mining  Engineers  and  Managers  will  find 
extremely  vS'EVVh."— Mining  Journal. 

LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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"woRzs  ON  siNsiira,  explosives,  &c. 


In  Medium  8vo,  Handsome  Cloth.     With  18  Figures  in  the  Text, 
and  19  Folding  Plates.     lOi.  6d.  net. 

SHAFT-SINKING 

IN      DIFFICUI^T      CASSS. 

By    J.    RIEMER, 

Translated  from  the  German 
J.    W.    BROUGH,    A.M.lNST.aE. 

Contents.— Shaft  Sinking  by  Hand.— Shaft  Sinking  by  Boring.— The 
Freezing  Method. — The  Sinking  Drum  Process.— Bibliography. — Index. 


Second  Edition,  Revised.     In  Large  8vo,  with  Numerous  Illustrations 
>nd  Folding  Plates.      10s.  6d. 

BLASTING: 

AND    THE    USE    OF    EXPLOSIVES. 

By  OSOAR  GUTTMANN,  M.Inst.O.E.,  F.I.C,  F.C.S. 

Contents. — Historical  Sketch. — Blasting  Materials.  —  Qualities  and 
Handling  of  Explosives. — The  Choice  of  Blasting  Materials. — Preparation 
of  Blasts. — Chamber  Mines. — Charging  of  Boreholes. — Determination  of 
Charge. — Blasting  in  Boreholes. —Firing. — Results  of  Working. — Various 
Blasting  Operations. — Index. 

"Should  prove  a  vade-mecunt  to  Mining  Engineers  and  all  engaged  in  practical  work.' 
'Co,--      -     - 


-Iron  and  Coal  Trades  Review. 


In  Medium  8vo,  Cloth.      With  many  Illustrations  in  the   Text. 
Four  Full  Page  Plates  and  Four  Folding  Tables.     6s.  net. 

NEW    METHODS     OP 

TESTING    EXPLOSIVES. 

By    0.    E.    BICHEL. 

Translated  from  the  German  and  Edited 
By    axel    LARSEN,    M.Inst.C.E. 

Contents.  —  Introductory,  —  Historical.  —  Testing  Stations.  —  Power 
Gauges.  —  Products  of  Combustion.  —  Rate  of  Detonation.  —  Length  and 
Duration  of  Flame. — After-Flame  Ratio. — Transmission  of  Explosion. — 
Conclusions.  — Efficiency. 

"Its  pages  bristle  with  suggestions  and  actual  experimental  results  to  an  extent 
seldom  found  in  a  volume  of  five  times  its  size." — Arms  and  Explosives. 
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Second  Edition,  Revised  Throughout.     In  Medium  8i?o.      With 
Numerous  Plates,  Maps,  and  Illustrations.     21s.  net. 

CYANIDING  GOLD  &  SILVER  ORES. 

A    Practical   Treatise  on  the   Cyanide    Process  ;    its   Application, 

Methods  of  Working,  Design  and  Construction  of 

Plant,  and  Costs. 

By    H.    FORBES    JULIAN, 

Mining  and  Metallurgical  Engineer ;  Specialist  in  Gold  :  Late  Technical  Adviser  of  the 
Deutsche  Gold  und  Silber  Scheide  Anstalt,  Frankfort-on-Maine. 

And  EDGAR  SMART,  A.M.I.O.E., 

Civil  and  Metallurgical  Engineer. 

"A  handsome  volume  of  400  pages  Avhich  will  be  a  valuable  book  of  reference  for  all 
associated  with  the  -pTocess."— Mining  Journal. 

"The  authors  are  to  be  congratulated  upon  the  production  of  what  should  prove  to  be 
a  standard  yroTk."— Page's  Magazine. 


In  Large  Grown  8w.     With  13  Plates  and  many  Illustrations  in  the  Text. 
Handsome  Cloth.      Is.  Qd.  net. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

A  Text-Booh  for  the  Use  of  Metallurgists  and  Students  at 

Schools  of  MineSf  dc. 

By    JAMES    PARK,    F.G.S.,  M.Inst.M.M., 

Professor  of  Mining  and  Director  of  the  Otago  University  School  of  Mines ;  late  Director 

Thames  School  of  Mines,  and  Geological  Surveyor  and  Mining  Geologist 

to  the  Government  of  New  Zealand. 

Fourth  English  Edition.     Thoroughly  Revised  and  Greatly  Enlarged. 
With  additional   details  concerning  the  Siemens-Halske  and  other 
recent  processes. 
"Deserves  to  be  ranked  as  amongst  the  BEST  OP  EXISTING  TREATISES."— if win^'JoMmai. 

Third  Edition,  Revised.     With  Plates  and  Illustrations.     Cloth,  3s.  6rf. 

GETTING     GOLD! 

A    GOLD-MINING    HANDBOOK     FOR    PRACTICAL    MEN. 

By  J.    0.    F.    JOHNSON,   F.G.S.,    A.I.M.E., 

Life  Member  Australasian  Mine-Managers'  Association. 
General  Contents. — Introductory  :  Prospecting  (Alluvial  and  General- 
Lode  or  Reef  Prospecting — Genesiology  of  Gold — Auriferous  Lodes — Drifts — 
Gold  Extraction — Lixiviation — Calcination — Motor  Power  and  its  Transmission 
—Company  Formation  —  Mining  Appliances  and  Methods  —  Australasian 
Mining  Regulations. 

"  Practical  from  beginning  to  end    .    .    .    deals  thoroughly  with  the  Prospecting, 
Sinking,  Crushing,  and  Extraction  of  gold."— JBni.  Australasian. 


In  Crown  8vo.     Illustrated.     Fancy  Cloth  Boards.     4s.  6d. 

GOLD  SEEKING  IN  SOUTH  AFRICA 

A  Handbook  of  Hints  for  intending"  Explorers,  Prospectors. 

and  Settlers. 

By     THEO     KASSNEB, 

Mine  Manager,  Author  of  the  Geological  Sketch  Map  of  the  De  Kaap  Gold  Fields. 

With   a   Chapter  on   the   Agricultural  Prospects   of  South   Africa. 

As  fascinating  as  anything  ever  penned  by  Jules  Yerne.''— African  Commerce. 

lONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET.  STRANH 
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Large  8vo.     Handsome  Cloth.     With  Illustrations. 
12s.  6d.  net. 

METALLURGICAL  ANALYSIS  &  ASSAYING: 

A    THREE    YEARS'    COURSE 

FOR   STUDENTS   OF  SCHOOLS   OF   MINES. 

By  W.  a.  MACLEOD,  B.A.,  B.Sc,  A.O.S.M.  (N.Z.), 

Formerly  Assist.-Director,  Thames  School  of  Mines  (N.Z.),  and  Lecturer  in  Chemistry,  University 
of  Tasmania ;  Director  of  Queensland  Government  School  of  Mines,  Charters  Towers  ; 

And  CHAS.  WALKER,  F.C.S., 

lonstrator  in  Chemistry,  Sydney  Univei 
and  Metallurgy,  Charters  Towers  School 

Paet  I.  —Qualitative  Analysis  and  Preparation  and  Properties  of  Gases. 
Part  II. — Qualitative  and  Quantitative  Analysis.  Part  III. — Assaying, 
Technical  Analysis  (Gas,  Water,  Fuels,  Oils,  &c. ). 

"The  publication  of  this  volume  teuds  to  prove  that  the  teaching  of  metallurgical 
analysis  and  assaying  in  Australia  rests  in  competent  hands." — Nature. 


Formerly  Assist.-Demonstrator  in  Chemistry,  Sydney  University ;  Lecturer  in  Chemistry 

"  "  '      ■  of  Mines 


In  Crown  8vo,  Beautifully  Illustrated  with  nearly  100 
Microphotographs  of  Steel,  &c.      7s.  6d.  net. 

MICROSCOPIC  ANALYSIS  OF  METALS. 

By  FLORIS  OSMOND  &  J.  E.  STEAD,  F.R.S.,  F.LC. 

Contents.— Metallography  considered  as  a  method  of  Assay.  —  Micro- 
graphic  Analysis  of  Carbon  Steels.— Preparation  of  Specimens.- Polishing. 
— Constituents  of  Steel ;  Ferrite ;  Cementite ;  Pearlite ;  Sorbite ;  Martensite ; 
Hardenite ;  Troostite  ;  Austenite. — Identification  of  Constituents.— Detailed 
Examination  of  Carbon  Steels. — Conclusions,  Theoretical  and  Practical.— 
Apparatus  employed. — Appendix. 

"  There  has  been  no  work  previously  publislied  in  English  calculated  to  be  so  useful  to 
the  student  in  metallographic  research." — Iron  and  Steel  Trades'  Journal. 


Third  Edition.     With  Folding  Plates  and  Many  Illustrations.     36s. 

lVi:ETJ?Li:^lLiXXRGY. 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 

FROM  THEIR  ORES. 

By  J.  ARTHUR  PHILLIPS,  M.Inst.O.E.,  F.C.S.,  F.G.S.,  &c. 

And  H.  BAUERMAN,  V.P.G.S. 

General  Contents.  —  Refractory  Materials.  —  Fire-Clays.  —  Fuels,  &c.— 
Aluminium.  —  Copper.  — Tin.  —  Antimony.  —  Arsenic.  —  Zinc.  —  Mercury.  — 
Bismuth.  —Lead.  —Iron. —Cobalt.  —Nickel  —Silver.  — G  old. — Platinum. 

*•  Of  the  Thibd  Edition,  we  are  still  able  to  say  that,  as  a  Text-book  of 
Metallurgy,  it  is  the  best  with  which  we  are  acquainted." — Engineer. 

'*  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  the 
practical  Smelter  as  a  Standard  Work  of  Keference.  .  .  .  The  Ulustrations 
are  admirable  examples  of  Wood  Engraving." — Chemical  News. 

LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRANtt 


METALLURGICAL  WORKS.  6i 

Second  Edition,  Revised,  Enlarged,  and  Re-set  Throughout  on  Larger  Page. 

With  Valuable  Bibliography,  New  Maps,  Illustrations,  due.    45s.  net. 

X  »r      ^^iHTO      uro  x^  xj  ivi  e:  s. 

A     T  R  E  A  TISE    ON 

:peti^'OXj:e]xj:v[:. 

By    sir    BOVERTON    REDWOOD, 

D.Sc,  F.R.S.E.,  Assoc.Inst.C.E.,  F.I.O. 

Contents.— Section  I. :  Historical  Account  of  tlie  Petroleum  Industry.— Section  II. : 
Geological  and  Geographical  Distribution  of  Petroleum  and  Natural  Gas.— Section  III.: 
The  Chemical  and  Physical  Properties  of  Petroleum  and  Natural  Gas.  -Section  IV. : 
The  Origin  of  Petroleum  and  Natural  Gas.— Section  V. :  The  Production  of  Petroleum, 
Natural  Gas,  and  Ozokerite.— Section  VI.:  The  Refining  of  Petroleum.— Section  VII.: 
The  Shale  Oil  and  Allied  Industries.— Section  VIII. :  The  Transport,  Storage,  and  Dis- 
tribution of  Petroleum.— Section  IX. :  The  Testing  of  Crude  Petroleum,  Petroleum  and 
Shale  Oil  Products,  Ozokerite,  and  Asphalt.— SECTION  X. :  The  Uses  of  Petroleum  and 
its  Products.— Section  XI.  :  Statutory,  Municipal,  and  other  Regulations  relating  to 
the  Testing,  Storage,  Transport,  and  Use  of  Petroleum  and  its  Products. — Appendices. 
—BiBLioGKAPHY.— Index. 

"It  is  indisputably  the  most  comprehensive  and  complete  treatise  on  petroleum,  and  this 
statement  is  true,  no  matter  on  what  branch  of  the  industry  a  test  of  its  merits  is  made.  It  is 
the  only  book  in  existence  which  gives  the  oil  man  a  clear  and  reliable  outline  of  the  growth  and 
present-day  condition  of  the  entire  petroleum  world.  .  .  .  There  is  a  wonderfully  complete 
collection  of  plates  and  illustrations.  '—Petroleum  World. 


Second  Edition,  Revised.      With  Illustrations.     Price  8s.  Qd.  net. 

A     HANDBOOK     ON     PETROLEUM. 

FOR  INSPECTORS  UNDER  THE  PETROLEUM  ACTS, 

And  for  those  engaged  in  the  Storage,  Transport,  Distribution,  and  Industrial 

Use  of  Petroleum  and  its  Products,  and  of  Calcium  Carbide.     With 

suggestions  on  the  Construction  and  Use  of  Mineral  Oil  Lamps. 

By    captain    J.    H.    THOMSON, 

H.M.  Chief  Inspector  of  Explosives, 

And    sir    BOVERTON    REDWOOD, 

Author  of  "  A  Treatise  on  Petroleum." 
"  A  volume  that  will  enrich  the  world's  petroleum  literature,  and  render  a  service  to  the 
British  branch  of  the  industry.     .     .     .     Reliable,  indispensable,  a  brilliant  contribution."— 


In  Crown  8vo.     Fully  Illustrated.     2s.  6d.  net. 

THE  LABORATORY  BOOK  OF  MINERAL  OIL  TESTINC. 

By    J.     A.     HICKS, 

Chemist  to  Sir  Boverton  Kedwood, 
»•  Should  be  on  the  shelves  of  every  analytical  chemist  in  practice.  "—CAeTnicaJ  Trade  Journal. 

In  Large  Crown  8vo,  Cloth.     Fully  Illustrated      5s.  net. 

OIL        F  XJ  E  IL.: 

ITS    SUPPLY,    COMPOSITION,    AND    APPLICATION. 
By    SIDNEY    H.    NORTH, 

LATE   EDITOR    OP    THE    "PETROLEUM    REVIEW." 

Contents.— The  Sources  of  Supply.— Economic  Aspect  of  Liquid  Fuel.— Chemical 
Composition  of  Fuel  Oils.— Conditions  of  Combustion  in  Oil  Fuel  Furnaces.— Early 
Methods  and  Experiments.— Modern  Burners  and  Methods.— Oil  Fuel  for  Marine  Pur- 
poses.—For  Naval  Purposes.— On  Locomotives.— For  Metallurgical  and  other  Purposes. 
— Appendices.  —Index. 

*'  Everyone  interested  in  this  important  question  will  welcome  Mr.  North's  excellent 
text-book."— .A^attire.  

THE  PETROLEUM  LAMP:  Its  Choice  and  Use.  A  Guide 
to  the  Safe  Employment  of  the  Paraffin  Lamp.  By  Capt.  J,  H. 
Thomson  and  Sir  Boverton  Redwood.     Illustrated.     Is.  net. 

"A  work  which  will  meet  every  purpose  for  which  it  has  been  written."— Pe^roZewm. 
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STANDARD  WORKS  OF  REFERENCE 

FOR 

Metallurgists,   Mine-Owners,  Assayers,   Manufacturers, 

and  all  interested  in  the  development  of 

the  Metallurgical  Industries. 

EDITED   BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S. 

In  Large  8vo,  HaTtdsome  Cloth.      With  Illustrations. 


INTBODUCTION    to    the    STUDY    of   METALIiUBaY. 

By  the  Editor.      Fifth  Edition.     i8s.     (See  p.  63.) 

OOLD  (The  Metallurgy  of).  By  Thos.  Kirke  Rose, 
D.Sc,  Assoc.  R.S.M.,  F.C.S.,  Chemist  and  Assayer  of  the  Royal 
Mint.    Fifth  Edition.     21s.     (Seep.  63.) 

LEAD    AND    SILVER    (The    MetaUurgy    of).      By  H.  F. 

Collins,  Assoc.R.S.M.,  M.InstM.M.  Part  I.,  Lead,  i6s;  Part 
II.,  Silver,  i6s.     (Seep.  64.) 

IRON  (The  MetaUurgy  of).  By  T.  Turner,  A.R.S.M., 
F.I.C.,  F.C.S.     Third  Edition,  Revised.     (See  p.  65.) 

STEEL     (The     Metallurgy    of).       By   F.    W.    Harbord, 

Assoc.R.S.M.,  F.I.C.,  with  a  Section  on  Mechanical  Treatment  by 
J.  W.  Hall,  A.M.Inst.C.E.  Third  Edition.  25s.  net.  (See 
p.  65.)  

Will  be  Puhlished  at  Short  Intervals. 

METALLURGICAL  MACHINERY  :  the  Application  of 
Engineering  to  Metallurgical  Problems.  By  Henry  Charles  Jenkins, 
Wh.Sc.,  Assoc.R.S.M.,  Assoc. M. Inst. C.E.,  of  the  Royal  College  of 
Science.  (See  p.  64). 

COPPER  (The  Metallurgy  of).     By  Thos.  C.  Cloud,  Assoc. 

R.S.M. 
ALLOYS.      By  Edward  T.  Law,  Assoc.R.S.M. 
*»*  Other  Volumes  in  Preparation. 
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QBIPPIN'S     METALLURGICAL    SERIES. 


Fifth  Edition,  thoroughly  Revised  and  considerably  Enlarged.     Large 

8vo,  with  numerous  Illustrations  and  Micro- Photographic 

Plates  of  different  varieties  of  Steel.     i8s. 

An  Introduction  to  the  Study  of 

BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S.,  A.R.S.M., 

Late  Chemist  and  Assayer  of  the  Royal   Mint,  and  Professor  of  Metallurgy 
in  the  Royal  College  of  Science. 

General  Contents.— The  Relation  of  Metallurgy  to  Chemistry.— Physical  Properties 
of  Metals. — Alloys.  The  Thermal  Treatment  of  Metals. — Fuel  and  Thermal  Measurements. 
— Materials  and  Products  of  Metallurgical  Processes. — Furnaces. — Means  of  Supplying  Air 
to  Furnaces. — Thermo -Chemistry. — Typical  Metallurgical  Processes. — The  Micro-Structure 
of  Metals  and  Alloys. — Economic  Considerations. 

•'No  English  text-book  at  all  approaches  this  in  the  completeness  with 
which  the  most  modern  views  on  the  subject  are  dealt  with.  Professor  Austen's 
volume  will  be  invaluable,  not  only  to  ttie  student,  but  also  to  those  whose 
knowledge  of  the  art  is  far  advanced." — Chemical  News. 


Fifth  Edition,  Revised,  Considerably  Enlarged,  and  in  part  Re-written. 
With  Frontispiece  and  numerous  Illustrations.     21s. 

THE  METALLURGY  OF  GOLD. 

BY 

T.  KIRKE  ROSE,  D.Sc.Lond.,  Assoc.R.S.M., 

Chemist  and  Assayer  of  the  Royal  Mint. 

General  Contents.— The  Properties  of  Gold  and  its  Alloys.— Chemistry  of  the 
Compounds  of  Gold.—  Mode  of  Occurrence  and  Distribution  of  Gold.— Shallow  Placer 
Deposits.— Deep  Placer  Deposits.— Quartz  Crushing  in  the  Stamp  Battery.— Amalgam- 
ation in  the  Stamp  Battery.— Other  Forms  of  Crushing  and  Amalgamating  Machinery. 
—Concentration  in  Gold  Mills.— Dry  Crushing.— Re-grinding.-Roasting.-Chlorination: 
The  Plattner  Process,  The  Barrel  Process,  The  Vat-Solution  Process.— The  Cyanide 
Process.— Chemistry  of  the  Cyanide  Process.— Refining  and  Parting  of  Gold  Bullion. 
—Assay  of  Gold  Ores.— Assay  of  Gold  Bullion.— Statistics  of  Gold  Production.— Biblio- 
graphy.—Index. 

"  A  ooMPKKHENsrvB  PRACTICAL  TRBATisK  On  this  Important  subject"— 2%e  Times. 

•'The  MOST  COMPLETE  description  of  the  chlobination  process  which  has  yet  been  pub- 
lished." —Mining  Journal. 

"Adapted for  all  who  are  interested  in  the  Gold  Mining  Industry,  being  free  from  tech- 
nicalitiee  as  far  as  possible,  but  is  more  particularly  of  value  to  those  engaged  in  the 
Industry."— Cape  Times. 
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GRIFFIN'S    METALLTTRGICAL    SERIES. 

Edited  by  SIR  W.  ROBERTS- AUSTEN,  K.C.B.,  F.R.S.,  D.C.L. 
In  Large  8vo.     Handsome  Cloth.     With  Illustrations . 

In  Two  Volumes,  Each  Complete  in  Itself  and  Sold  Separately. 

THE  METALLURGY  OF  LEAD  AND  SILVER. 

By  H.  F.  COLLINS,  AssocR.S.M.,  M.Inst.M.M. 

I>ai?t      I.— X^  E  JL  13  : 

A  Complete  and  Exhaustive  Treatise  on  the  Manufacture  of  Lead, 
with  Sections  on  Smelting  and  Desilverisation,  and  Chapters  on  the 
Assay  and  Analysis  of  the  Materials  involved.     Price  i6s. 

Summary  of  Contents.— Sampling  and  Assaying  Lead  and  Silver.— Properties  and 
Compounds  of  Lead. — Lead  Ores.— Lead  Smelting. — Reverberatories. — Lead  Smelting  in 
Hearths.— The  Roasting  of  Lead  Ores.— Blast  Furnace  Smelting;  Principles,  Practice, 
and  Examples;  Products. — Flue  Dust,  its  Composition,  Collection  and  Treatment.— 
Costs  and  Losses,  Purchase  of  Ores.— Treatment  of  Zinc,  Lead  Sulphides,  Desilverisation, 
Softening  and  Refining.- The  Pattinson  Process.— The  Parkes  Process.— Cupellation  and 
Refining,  &c.,  &c. 

"A  THOROUGHLY  SOUND  and  useful  digest.  May  with  every  confidence  be 
recommended." — Mining  Journal. 


P£tx>t      II.— SIJL.YER. 

Comprising  Details  regarding  the  Sources  and  Treatment  of  Silver 
Ores,  together  with  Descriptions  of  Plant,  Machinery,  and  Processes  of 
Manufacture,  Refining  of  Bullion,  Cost  of  Working,  &c.     Price  16s. 

Summary  op  Contents.— Properties  of  Silver  and  its  Principal  Compounds.— Silver 
Ores.— The  Patio  Process.— The  Kazo,  Fondon,  Krohnke,  and  Tina  Processes.— The  Pan 
Process. — Roast  Amalgamation.— Treatment  of  Tailings  and  Concentration.— Retorting, 
Melting,  and  Assaying  — Chloridising-Roasting.- The  Augustin,  Claudet,  and  Ziervogel 
Processes. — The  Hypo-Sulphite  Leaching  Process.— Refining.— Matte  Smelting.— Pyritic 
Smelting.— Matte  Smelting  in  Reverberatories.— Silver-Copper  Smelting  and  Refining.— 
Index. 

"  The  author  has  focussed  A  LARGE  amount  of  valuable  information  into  a 
convenient  form.  .  .  .  The  author  has  evidently  considerable  practical  experience, 
and  describes  the  various  processes  clearly  and  well.  '—Mining  JoumaZ. 
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The  Application  of  Engineering  to  Metallurgical  Problems. 

By    henry    CHARLES    JENKINS, 

Wh.Sc,  Assoc. R.SM.,  Assoc. M.Inst.C.E. 
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GRIFFIN'S    METALIiURGICAL    SERIES. 


Third   Edition,  Revised.     With  Numerous  Illustrations.     Large  8vo. 
Handsome  Cloth.     25s.  net. 

With  Additional  Cfiapter  on  Tlie  Electric  Smelting  of  Steel. 

THE  METALLURGY  OF  STEEL. 

By  F.    W.   HARBORD,   Assoc.KS.M.,    F.I.C, 

Consulting  Metallurgist  and  Analytical  Chemist  to  the  Indian  Government, 
Royal  Indian  Engineering  College,  Coopers  Hill. 

With  37  Plates,  280  Illustrations  in   the  Text,  and  nearly   100  Micro- 
Sections  of  Steel,  and  a  Section  on 

THE    MECHANICAL    TREATMENT    OF    STEEL. 

By    J.    W.    HALL,    A.M.Inst. C.E. 

Abridged  Contents.— The  Plant,  Machinery,  Methods  and  Chemistry  of  the  Bessemer 
and  of  the  Open  Hearth  Processes  (Acid  and  Basic).— The  Mechanical  Treatment  of  Steel 
comprising  Mill  Practice,  Plant  and  Machinery.  —  The  Influence  of  Metalloids,  Heat 
Treatment,  Special  Steels,  Microstructure,  Testing,  and  Speciflcations. 

"  A  work  which  we  venture  to  commend  as  an  invaluable  compendium  of  information  upon 
the  metallurgy  of  steel."— /rora  and  Coal  Trades'  Review. 

The  Enffineer  says,  at  the  conclusion  of  a  review  of  this  book  :— "We  cannot^  conclude  without 
earnestly  recommending  all  who  may  be  interested  as  makers  or  users  of  steel,  which  practically 
means  the  whole  of  the  engineering  profession,  to  make  themselves  acquainted  with  it  as  speedily 
as  possible,  and  this  may  be  the  more  easily  done  as  the  published  price,  considering  the  size 
of  the  book,  is  extremely  moderate." 


Third  Edition,  Revised.     Shortly. 

THE  METALLURGY  OF  IRON. 

By   THOMAS   TURNER.   Assoc.R.S.M.,   F.I.C, 

Professor  of  Metallurgy  in  the  University  of  Birmingham. 

In  Large    8vo,   Handsome   Cloth,   With   Numerous   Illustrations 
(many  from  Photographs). 

General  Contents.— E&rly  History  of  Iron.— Modern  History  of  Iron.— The  Age  of  Steel, 
—Chief  Iron  Ores.— Preparation  of  Iron  Ores.— The  Blast  Furnace.— The  Air  used  in  the 
Blast  Furnace.— Eeactions  of  the  Blast  Furnace.— The  Fuel  used  in  the  Blast  Furnace.— 
Slags  and  Fuxes  of  Iron  Smelting.— Properties  of  Cast  Iron.— Foundry  Practice.— Wrought 
Iron.— Indirect  Production  of  Wrought  Iron.— The  Puddling  Process.— Further  Treatment 
of  Wrought  Iron.— Corrosion  of  Iron  and  Steel. 

"  A  MOST  VALUABLE  SUMMARY  of  knowledge  relating  to  every  method  and  stage 
in  the  manufacture  of  cast  and  wrought  iron  .  .  .  rich  in  chemical  details.  .  .  . 
Exhaustive  and  thoroughly  up-to-date." — Bulletin  of  the  American  Iron 
and  Steel  Association. 

"  This  is  A  DKLiGHTFUL  BOOK,  giving,  as  it  doe-^,  reliable  information  on  a  subject 
becoming  every  day  more  elaborate." — Colliery  Guardian. 

"A  THOROUGHLY  USEFUL  BOOK,  which  biings  the  subject  up  to  date.  Of 
GBKA.T  VALUE  to  thoso  engaged  in  the  iron  industry." — Mining  Journal. 


*;^*  For  Professor  Turner's  Lectures  on  Iron- Founding,  see  page  68. 
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Tenth  Edition.     With  Tables  and  Illustrations.      Crown  8vo. 
Cloth,  los.  6d. 

A    TEXT- BOOK    OF    ASSAYING: 

For  the  use  of  StudentSy  Mine  Managers,  Assayers,  dc. 
By  J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  the  Mining  Association  of,  Cornwall. 

And  C.  BERINGER,  F.C.S., 

Late  Chief  Assayer  to  the  Rio  Tinto  Copper  Company,  London, 

Gbnkral  Contents.  —  Part  I.  —  Introductory  ;  Manipulation  :  Sampling ; 
Drying ;  Calculation  of  Results — Laboratory-books  and  Reports.  Methods  :  Dry  Gravi- 
metric; Wet  Gravimetric— Volumetric  Assays:  Titrometnc,  Colorimetric,  Gasometric— 
Weighing   and   Measuring — Reagents — Formulae,  Equations,  &c. — Specific  Gravity. 

Part  II. — Mktals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Copper, 
Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Tin,  Tungsten, 
Titanium,  Manganese,  Chromium,  &c. — Earths,  Alkalies. 

Part  III. — Non-Metals  :  Oxygen  and  Oxides;  The  Halogens— Sulphur  and  Sul- 
phates— Arsenic,  Phosphorus,  Nitrogen — Silicon,  Carbon,  Boron — Useful  Tables. 

"A  RKALLY  meritorious  WORK,  that  may  be  safely  depended  upon  either  for  systematic 
instruction  or  for  reference." — Nature. 

"This  work  is  one  of  the  best  of  its  kind." — Engitteer. 


Fourth  Edition,  Revised.    Handsome  Cloth.     With  Numerous 
Illustrations.     6s. 

A      TEXT-BOOK      OP 

ELEMENTARY   METALLURGY. 

Including  the  Author's  Practical  Laboratory  Course, 
By    a.    HUMBOLDT    SEXTON,    RI.C,   F.O.S., 

Profeasor  of  Metallurgy  in  the  Glasgow  and  West  ot  Scotland  Technical  College. 

GENERAL  CONTENTS.— Introduction.— Properties  of  the  Metals.— Combuation. 
— Fuels. — Refractory  Materials. —Furnaces. — Occurrence  of  the  Metals  in  Nature. — 
Preparation  of  the  Ore  for  the  Smelter. — Metallurgical  Processes. — Iron. — Steel. — 
Copper.  — Lead. — Zinc  and  Tin.  — Silver. — Gold.  —  Mercury.  —  Alloys.  —  AppUcationa 
of  Electricity  to  Metallurgy.— Laboratort  Course. 

"  Just  the  kind  of  work  for  Students  commencing  the  study  of  Metal- 
lurgy,  or  for  Engineering  Students."— Prac^tcai  Engineer. 

"Excellently  got-up  and  well- arranged.  " — Chemical  Trade  JoumaL 


In  Large  8vo.     Handsome  Cloth.     Price  4s. 

TABLES     FOR 

QUANTITATIVE  METALLURGICAL  ANALYSIS. 

FOR    LABORATORY    USE. 

ON  THE  PRINCIPLE  OF  "GROUP"  SEPARATIONS. 

By  J.  JAMES    MORGAN,   F.O.S.,   M.S.C.I. 

"The  Author  may  be  congratulated  on  the  way  his  work  has  been  earned  oat."^ 
TTie  Engineer. 

"  Will  COMMEND  ITSELF  highly  in  Laboratory  Practice.  Its  clearness  and  precision 
mark  the  book  out  as  a  highly  useful  one." — Mining  Journal. 
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Second  Edition,  Revised,  Enlarged,  and  in  part  Re-written. 

With  Additional  Sections  on  Modern  Theories  of   Electrolysis 

Costs,  &c.     Price  10s.  6d. 

A  TREATISE   ON 

ELECTRO-METALLURGY: 

Embracing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Refining  of  various  Metals,  and  to  the  Repro- 
duction of  Printing  Surfaces  and  Art-Work,  &c. 

BY 

WALTER   a    MCMILLAN,    F.I.C.,    F.C.S., 

Secretary  to  the  Institution  of  Electrical  Etigineers  ;  late  Lecturer  in  Metallurgy 
at  Mason  College,  Birmingham. 

With    numerous    Illustrations.         Large    Crown    8vo.         Cloth. 

"  This  excellent  treatise,  .  .  .  one  of  the  best  and  most  complete 
manuals  hitherto  published  on  Electro-Metallurgy." — Electrical  Review. 

**  This  work  will  be  a  standard." — Jeweller. 

"Any  metallurgical  process  which  reduces  the  cost  of  production 
must  of  necessity  prove  of  great  commercial  importance.  .  .  .  We 
recommend  this  manual  to  all  who  are  interested  in  the  practical 
application  of  electrolytic  processes." — Nature. 


Second  Edition,  Thoroughly  Revised   and   Enlarged.      In  large   8vo. 
With  Numerous  Illustrations  and  Three  Folding-Plates.    21s.  net. 

ELEOTRIO  SMELTIIG-  &  REEIHITfr: 

A  Practical  Manual  of  the  Extraction  and  Treatment 

of  Metals  by  Electrical  Methods. 

Being  the  "  Elektro-Metallurgie  "  of  Dr.  W.  BORCHERS. 

Translated  from  the  Latest  German  Edition  by  WALTER  G.  M<=MILLAN, 

F.l.c,  F.C.S. 

CONTENTS. 

Part  I. — Alkalies  and  Alkaline  Earth  Metals:  Magnesium, 
Lithium,  Beryllium,  Sodium,  Potassium,  Calcium,  Strontium,  Barium, 
the  Carbides  of  the  Alkaline  Earth  Metals. 

Part  II. —The  Earth  Metals:  Aluminium,  Cerium,  Lanthanum, 
Didymium. 

Part  III. — The  Heavy  Metals  :  Copper,  Silver,  Gold,  Zinc  and  Cad- 
mium, Mercury,  Tin,  Lead,  Bismuth,  Antimony,  Chromium,  Molybdenum, 
Tungsten,  Uranium,  Manganese,  Iron,  Nickel,  and  Cobalt,  the  Platinum 
Group. 

"  Comprehensive  and  authoritative  ...  not  only  pull  of  valuable  infor- 
mation, but  gives  evidence  of  a  THOROUGH  insight  into  the  technical  value  and 
possibilities  of  all  the  methods  discussed."— T/ie  Electrician. 

"  Dr.   BORCHERS'  well-known    WORK     .     .      .     mUSt  OF  NECESSITY  BE  ACQUIRED  by 

every  one  interested  in  the  subject.    Excellently  put  into  English  with  additional 
matter  by  Mr.  McMillan."— iVatwre. 
"  Will  be  of  GREAT  SERVICE  to  the  practical  man  and  the  Student."— ^Zec«ric  Smelting. 
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In  Medium  8vo.     Handsome  Cloth.     Fully  Illustrated.     15s.  net. 

GENERAL    FOUNDRY  PRACTICE: 

A  Practical  Handbook  for  Iron,  Steel  and  Brass  Founders, 

Metallurgists,  and  Students  of  Metallurgy. 

By  a.  M'^WILLIAM,  A.R.S.M.,  and  PERCY  LONGMUIR. 

Contents.— Introduction.— General  Properties  of  Matter.— Moulding  Sands.— Facing 
Sands  and  Facings.  —  Foundry  Tools.  —  Moulding  Boxes.  —  Handling  Material  in  the 
Foundry.  —  Open  Sand  Moulding.— Cores.— Elementary  Aspects  of  Moulding.— Green 
Sand  Moulding.— Securing  Cores  in  Moulds.— Moulding  from  Guides.— Bench,  Oddside, 
and  Plate  Moulding.— Machine  :Moulding.— Dry  Sand  Moulding.— Loam  Moulding.— 
Chill  Casting.— Casting  on  other  Metals.— Burning.— Weighting  and  Binding  Materials. 
—Shrinkage,  Contraction,  and  Warping.— Dressing  Castings.— Common  Faults  due  to 
Mould  and  Pattern.— Malleable  or  Wrought  Iron,  Steel  and  Malleable  Cast  Iron.— Cast 
Iron.— Refractory  Materials.— Fuels  and  Furnaces.— Mixing  by  Analysis.- Eemelting.— 
Working  the  Cupola.— Further  Treatment  of  Cast  Iron.- High  Temperature  Measure- 
ment.-Steel.— Notes  on  Metals  other  than  Iron.  — Alloys.— Mechanical  Testing.— 
Micrographic  Analysis.— Common  Faults.— Foundry  Management.— Index. 


Extra  Grown  Svo.     With  48  Illustrations.     Ss.  6d.  net. 

LECTURES  ON  IRON-FOUNDING. 

By  THOMAS  TURNER,  M.Sc,  A.R.S.M.,  F.I.C., 

Professor  of  Metallurgy  in  the  University  of  Birmingham. 

Contents. — Varieties  of  Iron  and  Steel.— Application  of  Cast  Iron.— History.— Pro- 
duction.—Iron  Ores. —Composition.— The  Blast  Furnace.— Materials.  — Reactions. — 
Grading  Pig  Iron. — Carbon,  Silicon,  Sulphur,  Phosphorus,  Manganese,  Aluminium, 
Arsenic,  Copper,  and  Titanium.— The  Foundry.— General  Arrangement.— Re-melting 
Cast  Iron.  —  The  Cupola. —  Fuel  Used.  —  Changes  due  to  Re-melting.  —  Moulds  ana 
Moulding.— Foundry  Ladles. — Pouring  and  Pouring  Temperature. — Common  Troubles.— 
Influence  of  Shape  and  Size  on  Strength  of  Castings.— Tests. 

"  Ironfounders  will  find  much  information  in  the  book."— Iron  Trade  Circular 
{Ryland's).  

In  Large  Uo,  Library  Style.     Beautifully  Illustrated  with  20  Plates,  many 
in  Colours,  and  94  Figures  in  the  Text.     £2,  2s.  net. 

PRECIOUS      STON^ES: 

Their  Properties,  Occurrences,  and  Uses. 

A    Treatise   for   Dealers,    Manufacturers,    Jewellers,    and   for   all 
Collectors  and  others  interested  in  Gems. 

By  Dr.  MAX  BAUER, 

Professor  in  the  University  of  Marburg, 

Translated  by  L.  J.  SPENCER,  M.A.  (Cantab.),  F.G.S. 

"  The  plates  are  remarkable  for  their  beauty,  delicacy,  and  truthfulness.    A  glance  at 

them  alone  is  a  lesson  on  precious  stones,  whilst  the  perusal  of  the  work  itself  should 

add  a  new  interest  to  any  casket  of  jewels  or  cabinet  of  gems,  or  even  to  a  jewellers' 

window."— Athenceum. 


In  Large  Grown  Svo.     With  Numerous  Illustrations.     8s.  6d. 

THE  ART  OF  THE  GOLDSMITH  AND  JEWELLER. 

A  Manual  on  the  Manipulation  of  Gold  and  the 

Manufacture  of  Personal  Ornaments. 

By    THOS.    B.    WIGLEY, 

Headmaster  of  the  Jewellers  and  Silversmiths'  Assoc.  Tech.  School,  Birmingham. 

Assisted  by  J.  H.  STANSBIE,  B.Sc.  (Lond.),  F.I.O., 

Lecturer  at  the  Birmingham  Municipal  Technical  School. 
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Third  Edition,  Revised,  Enlarged,  and  Re-issued.     Price  6s.  net. 
A  SHORT   MANUAL   OF 

INORGANIC     CHEMISTRY. 

By    a.    DUPRE,   Ph.D.,  F.R.S., 
And    WILSON    HAKE,  Ph.D.,  F.I.O.,  F.C.S., 

Of  the  Westminster  Hospital  Medical  School. 

"An  example  of  the  advantages  of  the  Systematic  Treatment  of  a  Science 
over  the  fragmentary  style  so  generally  followed.  By  a  long  way  the  best  of  the  small 
Manuals  for  Students-" — Analyst. 


In  Handsome  Cloth.    With  nearly  50  Illustrations.    3s.  6d.  net. 

THE    ELEMEHTS   OF    CHEMICAL    ENGINEERING. 

By  J.  GROSSMANN,  M.A.,  Ph.D.,  P.I.C. 

WITH  A  PREFACE  BY 

Sib   WILLIAM    RAMSAY,    K.C.B.,    F.R.S. 

Contents.— The  Beaker  and  its  Technical  Equivalents.— Distilling  Flasks,  Liebig's 
Condensers. — Fractionating  Tubes  and  their  Technical  Equivalents.— The  Air -Bath  and 
its  Technical  Equivalents.— The  Blowpipe  and  Crucible  and  their  Technical  Equivalents. 
— The  Steam  Boiler  and  other  Sources  of  Power.— General  Remarks  on  the  Application 
of  Heat  in  Chemical  Engineering. —The  Funnel  and  its  Technical  Equivalents.— The 
Mortar  and  its  Technical  Equivalents.— Measuring  Instruments  and  their  Technical 
Equivalents. — Materials  Used  in  Chemical  Engineering  and  their  Mode  of  Application. — 
Technical  Research  and  the  Designing  of  Plant. — Conclusion. — Chemicals  and  Materials. 
—Index. 

"Excellent.  .  .  Every  student  of  chemistry  attending  a  technical  course  should 
obtain  a  copy.  —Chemical  News. 


LABORATORY  HANDBOOKS   BY  A.   HUMBOLDT   SEXTON, 

Professor  of  Metallnrgy  in  the  Glasgow  and  West  of  Scotland  Technical  College. 


OUTLINES    OF    QUANTITATIVE    ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 

With  Illustrations.     Fifth  Edition.     Crown  8vo,  Cloth,  Ss. 

"  A  OOBIPAOT  LABORATORY  GUIDE  for  beginners  was  wanted,  and  the  want  has 
been  wkll  supplikd.     ...     A  good  and  useful  book." — Lancet. 


OUTLINES   OF   QUALITATIVE   ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 

With  Illustrations.    Fourth  Edition,  Revised.    Crown  8vo,  Cloth,  Ss.  6d. 

•*  The  work  of  a  thoroughly  practical  chemist." — British  Medical  JourrM. 
"  Compiled  with  great  care,  and  will  supply  a  want."— ,/oMrwaZ  of  Education. 


ELEMENTARY    METALLURGY 

Including   the  Author's  Practical  Laboratory  Course. 


[See  p.  66. 
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"The  authors  have  saccBKOBD  beyond  all  expectations,  and  have  produced  a  work  which 
should  give  fbksh  power  to  the  Engineer  and  Manufacturer."— T/w  Times. 

In  Two  Vols.,  Large  8vo.     With  Illustrations.     Sold  Separately. 

CHEMISTRY    FOR    ENGINEERS 
AND    MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOK. 

BY 

BERTRAM  BLOUNT,  F.I.C.,  &  A.  G.  BLOXAM,  F.I.O. 

TTOX^iXJIWEE:    I.       ^x*loe  lOs*   Bdl. 

CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 
METALLURGY. 

General  Co/i«e/ite.— INTRODUCTION— Chemistry  of  the  Chief  Materials 
of  Construction— Sources  of  Energy— Chemistry  of  Steam-raising— Chemis- 
try of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  the 
Winning  and  Manufacture  of  Metals. 

Second    Edition,    Thoroughly    Revised.      Illustrated.      16s. 

THE    CHEMISTRY    OF    MANUFACTURING 

PROCESSES. 

General  Cowfewte.— Sulphuric  Acid  Manufacture— Alkali,  &c. — Destructive 
Distillation —Artificial  Manure— Petroleum— Lime  and  Cement— Clay  and 
Glass  — Sugar  and  Starch  —  Brewing  and  Distilling  —  Oils,  Resins,  and 
Varnishes— Soap  and  Candles  —  Textiles  and  Bleaching  —  Colouring 
Matters,  Dyeing,  and  Printing  —  Paper  and  Pasteboard  —  Pigments  and 
Paints  —  Leather,  Glue,  and  Size  —  Explosives  and  Matches  —  Minor 
Manufactures. 

"  Certainly  a  qood  and  useful  book,  constituting  a  practical  ouide  for  students  by 
affording  a  clear  conception  of  the  numerous  processes  as  a  whole."— Cftemicai  Tradt 
Journal. 


Second  Edition.     In  Large  8vo.     Handsome  Cloth.     With  800  pages 
and  154  Illustrations.     25s.  net. 

OILS,  FATS,  BUTTERS,  AND  WAXES : 

THEIR  PREPARATION  AND  PROPERTIES,  AND  MANUFACTURE   THERE- 
FROM OF  CANDLES,    SOAPS,   AND   OTHER  PRODUCTS. 

By   C.    R.    alder  WRIGHT,   D.Sc,   F.R.S., 

Late  Lecturer  on  Cheroistry,  St.  Marv's  Hospital  Medical  School ;  Examiner 
in  "  Soap  "  to  the  City  and  Guilds  of  London  Institute. 

Thoroughly  Revised,  Enlarged,  and  in  Part  Rewritten 

By  C.  AINSWORTH  MITCHELL,  B.A.,  F.I.C.,  F.C.S. 

"Will  be  found  absolutely  indispensable." — Tfu  Analyst. 

"Will  rank  as  the   Standakd  English  Authority  on  Oils  and  Fats  for  many 
irears  to  come." — Industries  andiron. 
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Fifth  Edition,  Thoroughly  Revised,  Greatly  Enlarged  and  Re-written. 
With  additional  Tables,  Plates,  and  Illustrations.     21s. 

FOODS: 

THEIR   COMPOSITION  AND  ANALYSIS. 


By  a.  WYNTEE  BLYTH,  M.R.C.S.,  F.IC,  F.C.S., 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and 
Medical  Oflflcer  of  Health  for  St.  Marylebone. 

And  M.  WYNTER   BLYTH,  B.A.,  B.Sc,  F.C.S. 


General  Contents. — History  of  Adulteration. — Legislation. — Ap- 
paratus.— *'  Ash." — Sugar.  — Confectionery.  —  Honey.  —  Treacle.  — Jams 
and  Preserved  Fruits. — Starches.  —  Wheaten-Flour.  —  Bread.  —  Oats.  — 
Barley. — Rye.  —Rice.  — Maize.  — Millet.  —  Potatoes.  — Peas.  — Lentils.  — 
Beans.  —  Milk.—  Cream.  —  Butter. — Oleo-Margarine. — Cheese . — Lard.  — 
Tea.  —  Coffee.  —  Cocoa  and  Chocolate.  —  AlcohoL  —  Brandy.  —  Rum.  — 
Whisky. — Gin.  — Arrack .  — Liqueurs . — Absinthe.  —  Y  east. — Beer.  —  Wine. 
—  Vinegar.  —  Lemon  and  Lime  Juice. —  Mustard. — Pepper. —  Sweet  and 

Bitter  Almonds. —Annatto. —Olive  Oil,— Water  Analysis.— Appendix : 

Adulteration  Acts,  &c. 

"Simply  INDISPENSABLE  in  the  Analyst's  laboratory."— TAe  Lancet. 

"A  new  edition  of  Mr.  Wynter  Blyth's  Standard  work,  enbiched  with  all  the  recb»t 
DiscovEBiES  AND  iMPBOVEMENTS,  wiU  be  accepted  as  a  boon."— C^micaZ  News. 


FouBTH  Edition,  Thoroughly  Revised.     In  Large  8vo,  Cloth,  with 
Tables  and  Illustrations.     21s.  net. 

POISONS; 

THEIR  EFFECTS  AND  DETECTION. 

By  a.  wynter  BLYTH,  M.R.C.S.,  F.I.C.,  F.O.S., 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and 
Medical  Officer  of  Health  for  St.  Marylebone. 

aENERAIi    CONTENTS. 

1. — Historical  Introduction.  II. — Classification — Statistics — Connection 
between  Toxic  Action  and  Chemical  Composition — Life  Tests — General 
Method  of  Procedure — The  Spectroscope — Examination  of  Blood  and  Blood 
Stains.  III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — More 
or  less  Volatile  Poisonous  Substances.  VI. — Alkaloids  and  Poisonous 
Vegetable  Principles.  VII. — Poisons  derived  from  Living  or  Dead  Animal 
Substances.  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons. 
Appendix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

"  Undoubtedly  the  most  complbtb  wobk  on  Toxicology  in  our  language."— T?i«  Analyst  (on 
the  Third  EdUicnJ. 

"  As  a  PBACTiCAL  ouiDB,  we  kuow  NO  BBTTBB  wotk."— The  Lancet  (on  the  Third  EdUien). 
•»•  In  the  Thibd  Edition,  Enlarged  and  partly  Ee-written,  New  Analytical  Mbthodb  have 
been  introduced,  and  the  Gadavbbic  Alkaloids,  or  Ptomaines,  bodies  playing  so  great  a  part  in 
Food-poifloning  and  in  the  Manifestations  of  Disease,  have  received  special  attention. 
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With  Numerous  Tables,  and  22  Illustrations.     i6s. 

DAIRY    CHEMISTRY 

FOR    DAIRY    MANAGERS,    CHEMISTS,   AND    ANALYSTS 

A  Practical  Handbook  for  Dairy  Chemists  and  others 

having  Control  of  Dairies. 

By   H.    droop   RICHMOND,   F.I.C, 

CHEMIST  TO  THE  AYLESBURY  DAIRY  COMPANY. 

Contents. — I.  Introductory. — The  Constituents  of  Milk.  II,  The  Analysis  ol 
Milk.  III.  Normal  Milk  :  its  Adulterations  and  Alterations,  and  their  Detection. 
IV  The  Chemical  Control  of  the  Dairy.  V,  Biological  and  Sanitary  Matters. 
VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals  other 
than  the  Cow.— Appendices. — Tables.— Index. 

"...     In  our  opinion  the  book  is  the  best  contribution  cn  the  subject  that 
HAS  ybt  APPEARED  in  the  English  language." — Lancet. 


Fully  Illustrated.     With  Photographs  of  Various  Breeds  of  Cattle,  &c. 

6s.  net. 

MILK:  ITS  PRODUCTION  &  USES. 

Yfith  Chapters  on  Dairy  Farming,   The  Diseases  of  Cattle,  and  on  the 
Hygiene  and  Control  of  Supplies. 

By    EDWARD    F.    WILLOUGHBY, 

M.D.  (Lond.),  D.P.H.  (Lend,  and  Camb.). 

"We  cordially  recommend  it  to  everyone  who  has  anything  at  all  to  do  with  milk." — 
Dairy  World.  

In   Crown   8vo,  Fully   Illustrated.      2s.  6d.  net. 
THE    LABORATORY    BOOK    OF 

DAIRY    ANALYSIS. 

By   H.    droop   RICHMOND,  F.I.C, 

Analyst  to  the  Aylesbury  Dairy  Co.,  Ltd. 

"  Without  doubt  the  best  contribution  to  the  literature  of  its  subject  that  has 
written." — Medical  Titnes. 

At  Press.     In  Crown  8vo.     Handsome  Cloth.     Illustrated. 
By  JAMES   OLARK,   M.A.,   D.Sc,   A.R.C.S., 

Principal  of  the  Central  Technical  Schools  for  Cornwall. 

Contents.  —  The  Micro-organisms  of  the  Soil,  their  Appearance,  Growth,  Kepro- 
duction,  Activity  and  Conditions  of  Existence.— Soil  Bacteria  and  their  Relations  to 
Organic  Matter,— Decomposition  and  Putrefaction.— Formation  and  Nature  of  Humus  ; 
Decomposition  of  Farm-yard  Manure.— Effects  of  Tillage  Operations  and  of  Various 
Manures  on  the  Decomposition  of  the  Organic  Matters  in  the  Soil.— Fixation  of  Free 
Nitrogen  by  Bacteria  Living  in  Symbiosis  with  Higher  Plants. — ^'itragin.— Fixation 
of  Free  Nitrogen  by  the  Soil.  — Alinit.  — Nitrification.  — Denitriflcation.  — Conditions 
and  Treatment  Favourable  for  the  Increase  of  Soil  Nitrogen  and  for  the  Piocess 
of  Nitrification.— Soil  Bacteria  which  are  of  Minor  Importance. 
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Crown   8vo,   Handsome   Cloth.      Fully   Illustrated.      los.  6d. 

FLESH     FOODS: 

With  Methods  for  theh*  Chemical,  Microscopical,  and  Bacterio- 
logical Examination. 
A  Practical  Handbook  for  Medical  Men,  Analysts,  Inspectors  and  others. 
By   C.   AINSWORTH    MITCHELL,   B.A.,   F.LC,  F.C.S., 

Member  of  Council,  Society  of  Public  Analysts. 
With  Numerous  Tahlesy  Illustrations y  and  a  Coloured  Plate. 

••  A  compilation  which  will  be  most  useful  for  the  class  for  whom  it  is  'mtenAe6i."—Atkencntm,. 
"A  book  which  NO  ONE  whose  duties  involve  considerations  of  food  supply  CAN  AFFORD  TO  BH 
WCVHOXJT."— Municipal  yonmal. 


In  Large  8vo.     Handsome  Cloth. 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS : 

A  PRACTICAL  HANDBOOK  FOR  THE  USE  OF  AGRICULTURAL  STUDENTS. 
By   J.    M.   H.    MUNRO,   D.Sc,    F.LC,    F.C.S., 

Professor  of  Chemistry,  Downton  College  of  Agriculture. 

\_In  Preparation. 

In  Large  8vo.     Handsome  Cloth.     With  numerous  Illustrations. 
Each  Volume  Complete  in  Itself,  and  Sold  Separately. 

TECHNICAL     MYCOLOGY: 

The   Utilisation    of  Micro-organisms   in   the   Arts   and   Manufactures. 
By    Dr.    FRANZ    LAFAR, 

Prof,  of  Fermentation-Physiology  and  Bacteriology  in  the  Technical  High  School,  Vienna. 

With  an  Introduction  by  Dr.  EMIL  CHR.  HAIS^SEN,  Principal  of  the  Carlsberg 
Laboratory,  Copenhagen. 

Translated  by  CHARLES  T.  C.  SALTER. 

Vol.  I.-SCHIZOMYCBTIC  FERMENTATION.    15s. 

Vol  II.,  Part  I.-EUMYCETIC  FERMENTATION.    7s.  6d. 

"The  first  work  of  the  kind  which  can  lay  claim  to  completeness  in  the  treatment  of 
ft  fascinating  subject.  The  plan  is  admirable,  the  classification  simple,  the  style  is  good, 
and  the  tendency  of  the  whole  voliune  is  to  convey  sure  information  to  the  reader."— 
Lancet. 


Crown  8vo,  Handsome  Cloth.       With  Diagrams.       7s.  6d,  net. 
[Companion   Volume  to  "FERMENTS,"  by  the  same  Author.] 

TOXINES     AND     ANTITOXINES. 

By  OARL  OPPENHEIMER,  Ph.D.,  M.D., 

Of  the  Phj'siological  Institute  at  Erlangen. 

Translated   from  the   German   by 

C.  AINSWORTH  MITCHELL,  B.A.,  F.LC,  F.C.S. 

With  Notes,  and  Additions  by  the  Author,  since  the  publication  of  the  German  Edition. 
"For  wealth  of  detail,  we  have  no  small  work  on  Toxines  which  equals  the]one 
under  reyiew."— Medical  Times. 
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In   Crown    8vo,    Handsome   Cloth.      Price   7s.    6d.    net. 

FERMENTS 
JL  1^  i>      rr  H  s  1 1^      ACiDiovrs. 

A  Text-book  on  the  Chemistry  and  Physics  of  Fermentative  Changes. 
By    carl    OPPENHEIMEK,    Ph.D.,    M.  D., 

Of  the  Physiological  Institute  at  Erlangen. 

Translated  from  the  German  by 
C.  AINSWORTH  MITCHELL,  B.A.,  F.I.C.,  F.C.S. 

Abridged  Contents.— Introduction.— Definition.— Chemical  Nature  of  Ferments.— 
Influence  of  External  Factors.— Mode  of  Action.— Physiological  Action.— Secretion. — 
Importance  of  Ferments  to  Vital  Action.— Proteolytic  Ferments.-Trypsin.— Bacteriolytic 
and  Hsemolytic  Ferments.— Vegetable  Ferments.— Coagulating  Ferments.— Saccharifying 
Ferments.  —  Diastases.  —  Polysaccharides.  —  Enzymes.  —  Ferments  which  decompose 
Glucosides.— Hydrolytic  Ferments.— Lactic  Acid  Fermentation.— Alcoholic  Fermenta- 
tion.—Biology  of  Alcoholic  Fermentation.— Oxydases.— Oxidising  Fermentation.— Bibli- 
ography.-Index. 

"  Such  a  veritable  multum  in  parvo  has  never  yet  appeared."— ^reiro-s'  Journal. 


Third  Edition.     In  Handsome  Cloth.     Fully  Illustrated. 

PRINCIPLES  AND  PRACTICE  OF  BREWING. 

FOR  THE  USE  OF  STUDENTS  AND  PRACTICAL  MEN. 
By  WALTER  J.  SYKES. 

Revised  by  ARTHUR  R.  LING,  F.LC,  F.C.S., 

Editor  of  the  Journal  of  the  Institute  of  Brewing. 

Contents.  -Physical  Principles  Involved.  —  The  Chemistry  of  Brewing. —  The 
Microscope.  —  Vegetable  Biology. —  Fermentation.  — Water.  — Barley  and  Malting. — 
Arrangement  of  Brewery  Plant.— Quantities  of  Materials.— Fermentation.— Antiseptics. 
—Finings.— Characteristics  of  Beer.— Diseases  of  Beer.— Index. 


In  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated.    6s.  net. 

PEAT:      Its    Use    and     Wlanufacture. 

By  PHILIP   R.  BJORLING,  Consulting  Hydraulic  Engineer, 
And   FREDERICK  T.  GISSING. 

General  Contents.— Introduction.— The  Formcation  of  Peat.— Area  and  Depth  of  Bogs  in 
Principal  Countries.— Manufacture  of  Peat  Fuel,  &c.— Cut  Peat,  Dredged  Peat,  and  Manufactured 
Peat.— Machinery  employed  in  the  Manufacture  of  Peat  Fuel.— Peat  Moss  Litter,  and  the  Machinery 
employed  in  its  Manufacture.— Peat  Charcoal  and  its  Manufacture.- Cost  of  making  Peat  Fuel  and 
Charcoal.— Other  Productions  derived  from  Peat,  such  as  Tar,  Manure,  Candles,  Dyes,  Paper,  &c 
— BiBiiOGRAPH  Y. —Index. 


In  Crown  Svo.    Handsome  Cloth.    With  30  Illustrations.    6s.  net. 

THE    CLAYWORKER'S    HANDBOOK. 

An  Epitome  of  the  Materials  and  Methods  employed  in  Btickmaking  and  Pottery. 
By  the  Author  of  "THE  CHEMISTRY   OF  CLAYWORKING,"  &C. 

General  Contents.— Materials  used  in  Clayworking  ;  Clays,  Engobes,  Glazes.  Colours, 
Water,  Fuel,  Oils,  and  Lubricants.— The  Preparation  of  the  Clay,  3Iining  and  Quarrying, 
Weathering,  Washing,  Grinding.  Tempering,  and  Pugging.— Machinery ;  Boilers,  Engines,  General 
Machinery,  Sieves,  Mixing  Machhiery,  Presses,  &c.— Dryers  and  Drying.— Engobing  and  Glazing. 
—Setting or  Charging,  Transport.— Kilns-Firing.— Discharging,  Sorting,  and  Packing.— Defects 
and  Waste.— Tests,  Analysis  and  Control.— Bibliography.— Tables.- Index. 

"We  can  thoroughly  recommend  this  handy  little  book  to  all  our  readers." -Snci  and 
Pottery  Trades'  Journal.  ^ 
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With  Tables,  Illustrations  in  the  Text,  and  37  Lithographic  Plates.     Medium 

8vo.     Handsome  Cloth.     30s. 

SEWAGE   DISPOSAL  WORKS  s 

A  Guide  to  the  Constpuetion  of  Works  for  the  Prevention  of  the 

Pollution  by  Sewage  of  Rivers  and  Estuaries. 

By   W.   SANTO    CRIMP,    M.Inst.C.E.,   F.G.S., 

Late  Assistant-Engineer,  London  County  Council 
"Probably  the  most  complktk  and  rest  trbatisk  on  the  subject  which  has  appeared 
in  our  language."— JE'^/«^«r^A  Medical  Journal. 


Beautifully  Illustrated^   with  Numerous  Plates,   Diagrams,   and 
Figures  in  the  Text.     21s.  net. 

TRADES'    WASTE; 

ITS    TREATMENT    AND    UTILISATION. 

A  Handbook  for  Borough  Engineers,  Surveyors,  Architects,  and  Analysts. 

By    W.     NAYLOR,    F.O.S.,    A.M. Inst. C.E., 

Chief  Inspector  of  Rivers,  Kibble  Joint  Committee. 

Contents.— I.  Introduction.— II.  Chemical  Engineering.— III.— Wool  De-greasing 
and  Grease  Recovery.— IV.  Textile  Industries;  Calico  Bleaching  and  Dyeing.— V.  Dyeing 
and  Calico-Printing,— VI,  Tanning  and  Fellmongery.— VII.  Brewery  and  Distillery 
Waste.— VIII.  Paper  Mill  Refuse.— IX.  General  Trades'  Waste.— Index. 

"There  is  probably  no  person  in  England  to-day  better  fitted  to  deal  rationally  with 
Buch  a  subject."— J5rt<i»ft  Sanitarian. 


In  Handsome  Cloth.     With  59  Illustrations.     6s.  net. 

SHiIOKS      JLBJLTEIVEEN'r. 

A  Manual  for  the  Use  of  Manufacturers,  Inspectors,  Medical  Officers  of 
Health,  Engineers,  and  Others. 

By    WILLIAM    NICHOLSON, 

Chief  Smoke  Inspector  to  the  Sheflaeld  Corporation. 
Contents.- Introduction.- General  Legislation  against  the  Smoke  Nuisance.— 
Local  Legislation. — Foreign  Laws.— Smoke  Abatement.— Smoke  from  Boilers,  Furnaces, 
and  Kilns. —Private  Dwelling-House  Smoke.— Chimneys  and  their  Construction.— 
Smoke  Preventers  and  Fuel  Savers.  —  Waste  Gases  from  Metallurgical  Furnaces.  — 
Summary  and  Conclusions.— Index. 

"  We  welcome  such  an  adequate  statement  on   an  important  subject."— SntwA 
Medical  Journal. 


Second  Edition.     In  Medium  8vo.     Thoroughly  Revised  and  Re-Written. 

15s.  net. 

CALCAREOUS    CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 
By   gilbert   R.    REDGRAVE,    Assoc.    Inst.    C.E., 

Assistant  Secretary  for  Technology,  Board  of  Education,  South  Kensington, 

And  CHARLES  SPACKMAN,  F.C.S. 

*' We  can  thoroughly  recommend  it  as  a  first-class  '\n\estment."— Practical  Engineer. 
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With  Four  Folding  Plates  and  Numerous  Illustrations.     Large  8vo. 
8s.  6d.  net. 

ViTATEP^      SXJI^P^ILiY: 

A  Practical  Treatise  on  the  Selection  of  Sources  and  the  Distribution  of  Water. 
By  REGINALD  E.  MIDDLETON,  M.Inst.C.E.,  M.Inst.Mkoh.E.,  F.S.I. 

ABRiDaED  Contents.— Introductory.— Requirements  as  to  Quality.— Requirementa 
as  to  Quantity.— Storage  Reservoirs.— Purification.— Service  Reservoirs.— The  Flow 
of  Water  through  Pipes.  —  Distributing  Systems.  —  Pumping  Machines.  —  Special 
Requirements. 

"As  a  companion  for  the  student,  and  a  constant  reference  for  the  technical  man,  we 
anticipate  it  will  take  an  important  position  on  the  hookshelt"— Practical  Engineer. 


In  Large  Crown  8vo.    Fully  Illustrated.    In  Two  Volumes. 

VoLuiviE  I.     Fourth   Edition.     Price  7s.   6d.    net. 
,,       II.     Third  Edition.     Ready  Shortly. 

THE    CHEMISTRY    OF 

GJLS      M:ANXJFACTXJRB  : 

A  Hand-Book  on  the  Production,  Purification,  and  Testing  of  Illuminating 
Gas,  and  the  Assay  of  the  Bye-Products  of  Gas  Manufacture. 

By  W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.I.C,  F.O.S., 

Formerly  Head  Chemist,  Gas  Works,  Beckton,  London.  E. 
*'  The  BEST  WOBK  of  its  kind  which  we  have  ever  had  the  pleasure  of  re- 
viewing."— Journal  of  Gas  Lighting. 


With  Diagrams  and  Illustrations.     5s.  net. 

THE    PRINCIPLES    OF    ITS    GENERATION    AND    USE. 
By  F.    H.    LEEDS,    F.LC,  F.C.S., 

Member  of  the  Society  of  Public  Analysts  and  of  the  Acetylene  Association; 

And    W.    J.  ATKINSON    BUTTERFIELD,    M.A,    F.LC,   F.C.S., 

Consulting  Chemist,  Author  of  "  The  Chemistry  of  Gas  Manufacture." 

"Brimful  of  information." — Chem.  Trade  Journal. 

"We  can  thoroughly  recommend  the  book  to  the  manufacturer  as  a  reliable  work 
of  reference,  to  the  user  as  supplying  valuable  hints  on  apparatus  and  methods  of 
procediu-e,  and  to  the  student  as  a  safe  and  certain  gaide."— Acetylene. 


Large  8vo.     Handsome  Cloth.     Price  168.  net. 

FIRE    AND    explosion    RISKS: 

A  Handbook  of  the  Detection,  investigation,  and  Prevention  of  Fires  and  Explosions. 

By    Dr.    VON    SCHWABTZ. 

Translated   from   the   Revised    German    Edition 
By  C.    T.   C.   SALTER. 

Abbridqed  General  Contents.— Fires  and  Explosions  of  a  General  Character  — 
Dangers  arising  from  Sources  of  Light  and  Heat.— Dangerous  Gases.— Risks  Attending 
Special  Industries.  —  Materials  Employed.  —  Agricultural  Products.  —  Fats,  Oils,  and 
Resins.— Mineral  Oils  and  Tar.- Alcohol,  &c.— Metals,  Oxides,  Acids,  &c.— Lightning 
Ignition  Appliances,  Fireworks. 

"The  work  affords  a  wealth  of  information  on  the  chemistry  of  fire  and  kindred 
topics."— Fire  and  Water. 

"A  complete  and  useful  survey  of  a  subject  of  wide  interest  and  vital  importance." — 
Oil  and  Colourman's  Journal. 

LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET,  STRAND. 
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Thirteenth  Edition,  Thoroughly  Revised.     The  Appendix  on  Sanitary 
Law  being  Entirely  Re-Written  for  this  Edition.     Price  6s. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By   GEORGE    REID,    M.D.,    D.P.H., 

Feliov),  Mem.  Council,  and  Examiner,  Sanitary  Institute  of  Great  Britain, 
and  Medical  Officer  to  the  Staffordshire  County  Council. 

Mftb  an  'B.w^^'^^X  on  Sanitatfi  Xaw» 

By     HERBERT    MANLEY,     M.A.,     M.B.,     D.P.H., 

Burrisier-at-Law. 

General  Contents.— Introduction.  — Water  Supply:  Drinking  Water,  Pollution  of 
Water. — Ventilation  and  Warming. — Principles  of  Sewage  Removal. — Details  of  Drainage  ; 
Refuse  Removal  and  Disposal. — Sanitary  and  Insanitary  Work  and  Appliances. — Details  of 
Plumbers' Work. — House  Construction. — Infection  and  Disinfection.— Food,  Inspection  of ; 
Characteristics  of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food. — Appendix: 
Sanitary  Law;  Model  Bye-Laws,  iS:c. 

"  A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recommend  it  not  only  to  SANITARY 
INSPECTORS,  but  to  Householders  and  all  interested  in  Sanitary  Matters."— 5a«i&j:rj'  Record. 


In  Handsome  Cloth.     With  53  Illustrations.     3s,  6d.  net. 

LESSONS   ON   SANITATION. 

By  JOHN  WM.  HARRISON,  M.R.San.L, 

Mem.  Incor.  Assoc.  Mun.  and  County  Engineers  ;   Surveyor,  Wombwell,  Yorks. 

Contents. — Water  Supply. — Ventilation. — Drainage. — Sanitary  Building  Construction. — 
Infectious  Diseases. — Food  Inspection. — Duties  of  an  Inspector  of  Nuisances  and  Common 
Lodging-Houses. — Infectious  Diseases  Acts. — Factory  and  Workshop  Acts. — Housing  of 
the  Working-Classes  Act. — Shop  Hours  Acts. — Sale  of  Food  and  Drugs  Acts. — The  Mar- 
garine Acts. — Sale  of  Horseflesh,  &c.,  Rivers  Pollution.— Canal  Boats  Act.— Diseases  of 
Animals.— Dairies,  Cowsheds  and  Milkshops  Order. — Model  Bye-Laws.— Miscellaneous. — 
Index. 

"Accurate,  reliable,  and  compiled  with  conciseness  and  care." — Sanitary  Record. 


Second  Edition,  Revised.     In  Crown  8vo.     Handsome  Cloth.    Profusely 
Illustrated.     8s.  6d.  net. 

SANITARY    ENGINEERING: 

A  Practical  Manual  of  Town  Drainage  and  Sewage  and  Refuse  Disposal. 

For  Sanitary  Authorities,  Eng-ineers,  Inspectors,  Architects, 
Contractors,  and  Students. 

By   FRANCIS  WOOD,  A.M.Inst.C.E.,  F.G.S., 

Borough  Engineer  and  Surveyor,  Fulham ;  late  Borough  Engineer,  Bacup,  Lanes. 

GENERAL    CONTENTS. 

Introduction. — Hydraulics.— Velocity  of  Water  in  Pipes.— Earth  Pressures  and  Retaining 
Walls. — Powers. — House  Drainage. —  Land  Drainage. — Sewers. — Separate  System. — Sewage 
Pumping. — Sewer  Ventilation. — Drainage  Areas.— Sewers,  Manholes,  &c. — Trade  Refuse. — 
Sewage  Disposal  Works.  —  Bacterial  Treatment.  —  Sludge  Disposal.  —  Construction  and 
Cleansing  of  Sewers. — Refuse  Disposal.— Chimneys  and  Foundations. 

"The  volume  bristles  with  information  which  will  be  srreedily  read  by  those  in  need  of  assistance.  The 
book  Js  one  that  ought  to  be  ou  tlie  bookshelves  of  every  practical  ENGINEHR. 'Santiary  yournal. 

"  A  VERITABLE  POCKET  COMPENDIUM  Of  Sanitary  Engineering.  ...  A  work  which  may,  In 
oMUiy  respects,  be  considered  as  COMPLETE  .  .  .  commendablv  CAUTIOUS  .  .  .  INTERESTING 
.    .     .    SVGOBSrWB.."— Public  HeaUhEnztneer. 
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Vol.  I.  Now  Ready.    In  Half  Morocco,  24s.  net. 

/«    Two    Volumes,  each  complete  in  itself. 

PHYSICO-CHEMICAL    TABLES 

FOR  THE  USE  OF  ANALYSTS,  PHYSICISTS,  CHEMICAL 
MANUFACTURERS   AND  SCIENTIFIC  CHEMISTS. 

Volume  I. — Chemical  Engineering,  Physical  Chemistry. 
Volume  II. — Chemical  Physics,  Pure  and  Analytical  Chemistry. 

[Shortly. 

By    JOHN    CASTELL-EVANS,    F.I.C.,    F.C.S., 

Lecturer  on  Inorganic  Chemistry  and  Metallurgy  at  the  Finsbury  Technical  College. 

The  Tables  may  almost  claim  to  be  exhaustive;  and  embody  and  collate  all  the  most 
recent  data  established  by  experimentalists  at  home  and  abroad.  The  volumes  will  be 
found  invaluable  to  all  engaged  in  research  and  experimental  investigation  in  Chemistry  and 
Physics. 

The  Work  comprehends  as  far  as  possible  all  rules  and  tables  required  by  the 
Analyst,  Brewer,  Distiller,  Acid-  and  Alkali-Manufacturer,  &c.,  &c.  ;  and  also  the  prin- 
cipal data  in  Thermo-Chemistrv,  Electro-Chemistrv,  and  the  various  branches  of 
Chemical  Physics.  Every  possible  care  has  been  taken  to  ensure  perfect  accuracy,  and 
to  include  the  results  of  the  most  recent  investigations. 


Second   Edition.      In   Large   8wo.     Handsome   Cloth.      Beautifully 
Illustrated.     With  Plates  and  Figures  in  the  Text. 

Road  Making  and  Maintenance : 

A    PRACTICAL    TREATISE    FOR    ENGINEERS, 
SURVEYORS,     AND     OTHERS. 

With  an  Historical  Sketch  of  Ancient  and  Modern  Practicb. 
By  THOS.  AITKEN,  Assoc.M.Inst.O.E., 

Member  of  the  Association  of  Municipal  and  County  Engineers ;  Member  of  the  Sanitary 
Inst. ;  Surveyor  to  the  County  Council  of  Fife,  Cupar  Division. 

WITH    NUMEROUS    PLATES,    DIAGRAMS,    AND    ILLUSTRATIONS. 

Contents. — Historical  Sketch. — Resistance  of  Traction. — Laying  out 
New  Roads.  —  Earthworks,  Drainage,  and  Retaining  Walls.  —  Road 
Materials,  or  Metal. — Quarrying. — Stone  Breaking  and  Haulage. — Road- 
Rolling  and  Scarifying. — The  Construction  of  New,  and  the  Maintenance 
of  existing  Roads. — Carriage  Ways  and  Foot  Ways. 

"  The  Literary  style  is  EXCELLENT.  .  .  .  A  comprehensive  and  excellent  Modern  Book,  an 
OP-TO-BATB  work.  .  .  .  Should  be  on  the  reference  shelf  of  every  Municipal  and  Cotmty 
Engineer  or  Surveyor  in  the  United  Kingdom,  and  of  every  Colonial  Engineer."— T/ie  Surveyor. 


lONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET.  STRAND. 
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Fourth  Edition,  Revised  and  Enlarged.     With  Illustrations.     12s.  6d. 

Painters' 
Colours,  Oils,  &  Varnishes: 

A    PRACTICAZ.    MANUAI.. 

By   GEORGE    H.    HURST,    F.C.S., 

Member  of  the  Society  of  Chemical  Industry  ;  Lecturer  on  the  Technology  of  Painters' 
Colours,  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester. 

General  Contents. — Introductory — The  Composition,  Manufacture, 
Assay,  and  Analysis  of  Pigments,  White,  Red,  Yellow  and  Orange,  Green, 
Blue,  Brown,  and  Black— Lakes— Colour  and  Paint  Machinery— Paint  Vehicles 
(Oils,  Turpentine,  &c.,  &c.)— Driers — Varnishes. 

"  A  THOROUGHLY  PRACTICAL  book,  ...  the  ONLY  English  work  that  satisfactorily 
treats  of  the  manufacture  of  oils,  colours,  and  pigments."— C^?*«zVa/  Trades'  Journal. 

*J^  For  Mr.  Hurst's  Garment  Dyeing  and  Cleaning,  see  p.  84. 


In  Crown  8vo.     Handsome  Cloth.     With  Illustrations.     5s. 

THE  PAINTER'S  LABORATORY  GUIDE. 

A  Student's  Handbook  of  Paints*  Colours,  and  Varnishes. 

By   GEORGE   H.    HURST,  F.C.S.,  M.S.C.I. 

Abstract    of    Contents.  —  Preparation  of   Pigment    Colours.  —  Chemical    Principles 
Involved. — Oils  and  Varnishes. — Properties  of  Oils  and  Varnishes. — Tests  and  Experiments. 
— Plants,  Methods,  and  Machinery  of  the  Paint  and  Varnish  Manufactures. 
This  Work  has  been  designed  by  tJie  AutJwr Jor  tJte  Laboratory  of  the  Technical  School,  and 

of  the  Paint  and  Colour  Works,  and  for  all  interested  or  engaged  in  these  i7tdustries. 

"This  excellent  handbook,     .     .     .    the  model  of  what  a  handbook  should  be." — Oils, 
Colours,  and  Drysalteries. 


Third  Edition,  Revised.    In  Crown  Svo.  extra.   With  Numerous  Illustra- 
tions and  Plates  (some  in  Colours),  including  Original  Designs.    12s.  6d. 

Painting  and  Decorating: 

A    Com/plete  Practical  Manual  for  House 

Painters  and  Decorators. 

By    WALTER    JOHN    PEARCE, 

LBOTUBER  AT  THE  MANCHESTER  TECHNICAL  SCHOOL  FOB  HOUSE-PAINTINQ  AND  DKCORATINQ 

GENERAL    CONTENTS. 

Introduction — Workshop  and  Stores — Plant  and  Awhances — Brushes  and 
Tools — Materials  :  Pigments,  Driers,  Painters'  Oils — Wall  Hangings — Paper 
Hanging— Colour  Mixing — Distempering — Plain  Painting — Staining — Varnish 
and  Varnishing — Imitative  Painting  —  Graining — Marbhng — Gilding — Sign- 
Writing  and  Lettering— Decoration :  General  Principles— Decoration  in  Dis- 
temper— Painted  Decoration — Relievo  Decoration — Colour — Measuring  and 
Estimating — Coach-Painting — Ship-Painting. 

"  A  THOROUGHLY  USEFUL  BOOK  .  .  .  GOOD,  SOUND,  PRACTICAL  INFOR- 
MATION in  a  CLEAR  and  CONCISE  vouk."— Plumber  and  Decorator. 

"A  THOROUGHLY  GOOD  AND  RELIABLE  TEXT-BOOK.      .      .      .      SO    FULL  and 

COMPLETE  that  it  would  be  difficult  to  imagine  how  anything  further  could  be 
added  about  the  Painter's  craft.'"— Builders'  Journal. 
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Second  Edition.     In  Large  8vo.     Handsome  Cloth.     With  4  Plates 
and  Several  Illustrations.      i6s.  net. 

THE   CHEMISTRY  OF  INDIA  RUBBER. 

A  Treatise  on  the  Nature  of  India  Rubber,  its  Chemical  and  Physical  Examina- 
tion, and  the  Determination  and  Valuation  of  India  Rubber  Substitutes. 
Including  the  Outlines  of  a  Theory  on   Vulcanisation. 
By   carl   otto    WEBER,    Ph.D. 

'*  Replete  with  scientific  and  also  with  technical  interest.    .    .    .    The  section  on  physical 
properties  is  a  complete  resume  o{ every  thing  known  on  the  subject."— Indta-r7Mer/oi(rfia/. 


In  Large  Crown  8vo.     Fully  Illustrated.     5s.  net. 

AND   THEIR  ALLIED   PRODUCTS, 
A  Practical  Handbook  for  the  Manufacturer,  Agriculturist,  and  Student  of  Technology. 

By    THOMAS     LAMBERT, 

Analytical  and  Technical  Chemist. 

Contents.— Historical.— Glue.— Gelatine.— Size  and  Isinglass.— Treatment  of  Efflu- 
ents produced  in  Glue  and  Gelatine  Making. — Liquid  and  other  Glues,  Cements,  &c. — Uses 
of  Glue  and  Gelatine. — Residual  Products. — Analysis  of  Raw  and  Finished  Products. — 
Appendix.— Index. 

"A  sufficient  account  of  modern  methods  of  working,  chiefly  from  a  practical  standpoint. 
A  book    .     •     .    of  real  value." — Chemical  News. 


At  Press.     In  Large  8vo.     Handsome  Cloth.     Fully  Illustrated. 
THE   ANALYSIS   OF    MATERIALS    USED    IN 

•x^HE     1L.JE:  Arr£i[£::R    ii^oxj  stir  y. 

By  S.  R.  TROTMAN,  M.A.,  F.I.C., 

Public  Analyst  for  the  City  of  Nottingham,  Member  of  the  International  Association 

of  Leather  Trades'  Chemists. 

Synopsis  of  Contents.— Standard  Solutions.— Acids,  Alkalies,  &c.— Water.— Depilation 

and  Deliming.— Fleshings,  &c.— Glue.— Spent  Liquors.— Mineral  and  Vegetable  Tanning 

Agents.— Oils. — Soaps. — Varnishes.— Skin.— Leather.  —  DyestufTs.-  Degreasing  Agents. — 

Effluents.— Glcssary.— Index. 


In  Medium  8vo,  Handsome  Cloth.      Fully  Illustrated.       12s.  6d.  net. 

PAPER    TECHNOLOGY: 

AN  ELEMENTARY  MANUAL  ON  THE  MANUFACTURE,  PHYSICAL  QUALITIES. 

AND  CHEMICAL   CONSTITUENTS   OF  PAPER   AND    OF 

PAPERMAKING   FIBRES. 

With  Selected  Tables  for  Stationers,  Publisliers,  and  Otliers. 

By    R.    W.    SINDALL,    F.C.S. 

Contents. — Introduction.  —  Technical  Difficulties  relating  to  Paper. — Rag  Papers. — 
Esparto,  Straw,  Notes  on  Beating. — Wood  Pulp.— Wood  Pulp  Papers. — Packing  Papers  — 
"Art"  Papers. — The  Physical  Qualities  of  Paper. — The  Chemical  Constituents  of  Paper. 
— The  Microscope. — Fibrous  Materials  used  in  Paper -making — Analysis  of  a  Sheet  of 
Paper.— The  C.B  S.  Units.— Cellulose  and  its  Derivatives.— History,  Chronology,  and 
Statistics.— Dictionary  of  Chemical  Terms.— Glossary. —  City  and  Guilds  Questions.— 
Indkx. 

*'  Exceedingly  instructive  and  particularly  useful." — Pafer  Makers  Monthly  Journal, 


In  Large  8vo.    Handsome  Cloth.    With  Plates  and  Illustrations.    7s.  6d.  net. 

THE    MANUFACTURE   OF  INK. 

A  Handbook  of  the  Production  and  Properties  of  Printing,  Writing,  and  Copying  Inks, 
By  C.  a.  MITCHELL,  B.A.,  F.I.C.,  F.C.S. ,  &  T.  C.  HEPWORTH. 

"Thoroughly  well  arranged    .    .    .    and  of  a  genuinely  practical  order." — British  Printer. 

LONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET.  STRAND, 
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Second  Edition,   Thoroughly  Revised  Throughout.     In  Two  Large 
Volumes.     Handsome  Cloth. 

A    MANUAL    OP    DYEING  i 

fOR   THE   USE  OF  PRACTICAL   DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN   THE  ART  OF  DYEING. 

BY 

E.  KNECHT,  Ph.D.,  F.I.C.,  CHR.  RAWSON,  FJ.C.,  F.C.S.. 

Head  of  the  Chemistry  and  Dyeing  Department  of         Late  Head  of  the  Chemistry  and  Dyeing  Department 
th«  Technical  School,  Manchester;  Editor  of  "  The  of  the   Technical  College,    Bradford  ;    Member 

Joomal  of  the  Society  of  Dyers  and  Colourista ; "  Council  of  the  Society  of  Dyers  and  ColouristaS 

And  RICHARD  LOEWENTHAL,  Ph.D. 

General  Contents. — Chemical  Technology  of  the  Textile  Fabrics- 
Water  — Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants  —  Natural 
Colouring  Matters — Artificial  Organic  Colouring  Matters— Mineral  Colours 
— Machinery  used  in  Dyeing — Tinctorial  Properties  of  Colouring  Matters — 
Analysis  and  Valuation  of  Materials  used  in  Dyeing,  &c.,  &c. 

"  This  aathoritative  and  exhaustive  work  .  .  .  the  most  complete  we  have  yet  seen 
on  the  subject."— yerif/e  Manufacturer. 


In  Large  8vo,  Handsome  Cloth.      Pp.  i-xv  +  405.      168.  net. 

THE    SYNTHETIC    DYESTUFFS, 

AND 
THE  INTERMEDIATE  PRODUCTS  FROM  WHICH  THEY  ARE  DERIVED. 

By  JOHN  CANNELL  CAIN,  D.Sc.  (Manchester  and  Tubingen), 

Technical  Chemist, 

And  JOCELYN  FIELD  THORPE,  Ph.D.  (Heidelberg), 

Lecturer  on  Colouring  Matters  in  the  Victoria  University  of  Manchester. 

Part  I.  Theoretical.     Part  II.  Practieal.     Part  III.  Analytical. 

"  We  have  no  hesitation  in  describing  this  treatise  as  one  of  the  most  valuable  books 

that  has  appeared.    .    .    .    Will  give  an  impetus  to  the  study  of  Organic  Chemistry 

generally."— C^emica^  Trade  Journal. 


Companion  Volume  to  Knecht  d;  Rawson's  '*  Dyeing. "    In  Large  Svo. 

Handsome  Cloth,  Library  Style.     16s.  net. 

A  DICTIONARY   OF 

DYES,   MORDANTS,   &   OTHER   COMPOUNDS 

USED  IN  DYEING  AND  CALICO  PRINTING. 

With  FormuloB,  Properties,  and  Applications  of  the  various  substances  described, 

and  concise  directions  for  their  Commercial  Valuation, 

and  for  the  Detection  of  Adulterants. 

By  CHRISTOPHER  RAWSON,  F.I.C.,  F.C.S., 

Consulting  Chemist  to  the  Behar  Indigo  Planters'  Association  ;   Co- Author  of  "  A  Manual 

of  Dyeing ; " 

WALTER  M.  GARDNER,  F.C.S., 

Head  of  the  Department  of  Chemistry  and  Dyeing,  Bradford  Municipal  Technical  College ; 
Editor  of  the  "  Joum.  8oc.  Dyers  and  Colourists ; " 

And  W.  F.  LAYCOCK,  Ph.D.,  F.C.S., 

Analytical  and  Consulting  Chemist. 
"Turn  to  the  book  as  one  may  on  any  subject,  or  any  substance  in  connection  with  the 
trade,  and  a  reference  is  sure  to  be  found     The  authors  have  apparently  left  nothing  out" 
•—Ttxtile  Mercury. 
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Large  8vo.     Profusely  Illustrated  with  Plates  and  Figures  in  the  Text. 

16s.  net. 

THE    SPINNING   AND   TWISTING   OF   LONG 
VEGETABLE   FIBRES 

(FLAX,     HEIYIP,    JUTE,    TOW,    &    RAWIIE). 

A  Practical  Manual  of  the  most  Modern  Methods  as  applied  to  the  Hackling,  Carding, 
Preparing,  Spinning,  and  Twisting  of  the  Long  Vegetable  Fibres  of  Commerce. 

By  HERBERT  R.  CARTER,  Belfast  and  Lille. 

General  Contents.— Long  Vegetable  Fibres  of  Commerce.— Rise  and  Growth  of 
the  Spinning  Industry.— Raw  Fibre  Markets.— Purchasing  Raw  Material.— Storing  and 
Preliminary  Operations.— Hackling.— Sorting.— Preparing.— Tow  Carding  and  Mixing.— 
Tow  Combing.— Gill  Spinning.— The  Roving  Frame,— Dry  and  Demi-sec  Spinning.— Wet 
Spinning.— Spinning  Waste.— Yarn  Reeling.— Manufacture  of  Threads,  Twines,  and 
Cords. — Rope  Making.— The  Mechanical  Department.— Modern  Mill  Construction.— 
Steam  and  Water  Power. — Power  Transmission. 

"  Meets  the  requirements  of  the  Mill  Manager  or  Advanced  Student  in  a  manner 
perhaps  more  than  satisfactory.  .  .  .  We  must  highly  commend  the  work  as  repre- 
senting up-to-date  practice."— iVa<«re. 


In  Large  Svo,  Handsome  Cloth,  with  Numerous  Illustrations.      9s.  net. 

TEXTILE  FIBRES  OF  COMMERCE. 

A   HANDBOOK   OF 

The  Occurrence,  Distribution,  Preparation,  and  Industrial 

Uses  of  the  Animal,  Vegetable,  and  Mineral 

Products  used  in  Spinning  and  Weaving. 

By    WILLIAM    I.    HANNAN, 

Lecturer  on  Botany  at  tbe  Ashton  Municipal  Technical  School,  Lecturer  on  Cottoii 
Spinning  at  the  Chorley  Science  and  Art  School,  &c. 

With  Numerous  Photo  Engravings  from  Nature. 

"  Useful  Information.  .  .  .  Admirable  Illdstkations.  .  .  .  The  information 
is  not  easily  attainable,  and  in  its  present  convenient  form  will  be  valuable." — Textile 
Recorder. 


In  Large  8vo,  with  Illustrations  and  Printed  Patterns.     Piice  21s. 

TEXTILE    PRINTING: 

A   PRACTICAL   MANUAL. 
Including  the  Processes  Used  in  the  Printing  of 
COTTON,    W^OOLLEN,    SILK,    and   HALF- 
SILK   FABBICS. 
By   C.  F.  SEYMOUR  ROTHWELL,  F.C.S., 

Mem.  Sac.  of  Chemical  Industries;    late  Lecturer  at  the  Municipal  Technical  School, 
Manchester. 

G-ENERAL  Contents.  —  Introduction.  —  The  Machinery  Used  in  Textile 
Printing.— Thickeners  and  Mordants.— The  Printing  of  Cotton  Goods.— The 
Steam  Style. — Colours  Produced  Directly  on  the  Fibre. — Dyed  Styles. — 
Padding  Style.— Resist  and  Discharge  Styles.— The  Printing  of  Compound 
Colourings,  &c.— The  Printing  of  Woollen  Goods.— The  Printing  of  Silk 
Goods.— Practical  Recipes  for  Printing. —Useful  Tables.— Patterns. 

•'  By  FAR  THE  BEST  and  MOST  PRACTICAL  BOOK  on  TEXTILE  PRINTING  which  has  yflt  been 
brought  out,  and  will  long  remain  the  standard  work  on  the  subject.  It  is  essentially 
practical  in  character."— Tle^rtjZe  Mercury. 

"  The  MOST  practical  manual  of  textile  pbinting  which  has  yet  appeared.  We  have 
no  hesitation  in  recommending  it."— The  Textile  Manufacturer. 
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Large  8vo.     Handsome  Cloth.     12s.  6d. 

BLEACHING  &  CALICO-PRINTING. 

A    Short    Manual   for    Students    and 
Practical   Men. 

By     GEORGE     DUERR, 

'     Director  of  the  lileaching,  Dyeing,  and  Printing  Department  at  the  Accrington  and  Bacup 
Technical  Schools ;  Chemist  and  Colourist  at  the  Irwell  Print  Works. 

Assisted   by   WILLIAM    TURNBULL 

(of  Turnbull  &  Stockdale,  Limited). 

With  Illustrations  and  upwards  of  One  Hundred  Dyed  and  Printed  Patterns 
designed  specially  to  show  various  Stages  of  the  Processes  described. 

GENERAL  CONTENTS. —Cotton,  Composition  of;  Bleaching,  New 
Processes ;  Printing,  Hand-Block  ;  Flat-Press  Work ;  Machine  Printing— 
Mordants— Styles  of  Calico-Printing  :  The  Dyed  or  Madder  Style,  Resist 
Padded  Style,  Discharge  and  Extract  Style,  Chromed  or  Raised  Colours, 
Insoluble  Colours,  &c.  —  Thickeners  —  Natural  Organic  Colouring  Matters 
— Tannin  Matters  —  Oils,  Soaps,  Solvents — Organic  Acids — Salts — Mineral 
Colours — Coal  Tar  Colours — Dyeing — Water,  Softening  of — Theory  of  Colours 
—Weights  and  Measures,  &c. 

"  When  a  rbady  way  out  of  a  difficulty  is  wanted,  it  is  in  books  iikb  this  that  it  is  found."— 
Textile  Recorder. 

"  Mr.  Duebe's  WOBK  will  be  found  MOST  U8BFCL.  .  ,  .  The  information  given  is  of  obba* 
VALUS.    .    .    .    The  Recipes  are  thokodghlt  pkactical."— TexfiZe  Manufacturer. 


Second    Edition.      Revised   and    Enlarged.      With   Numerous 
Illustrations.      4s.  6d. 

GARMENT 
DYEING    AND    CLEANING. 

A  Practieal  Book  for  Practical  Men. 
By     GEORGE     H.     HURST,     F.C.S., 

Member  of  the  Society  of  Chemical  Industry. 

General  Contents.— Technology  of  the  Textile  Fibres— Garment  Cleaning 
— Dyeingof  Textile  Fabrics— Bleaching — Finishing  of  Dyed  and  Cleaned  Fabrics- 
Scouring  and  Dyeing  of  Skin  Rugs  and  Mats — Cleaning  and  Dyeing  of  Feathers — 
Glove  Cleaning  and  Dyeing — Straw  Bleaching  and  Dyeing — Glossary  of  Drugs 
and  Chemicals — Useful  Tables. 

"  An  UP-TO-DATE  hand  book  has  long  been  wanted,  and  Mr.  Hurst  has  done  nothing 
more  complete  than  this.  An  important  work,  the  more  so  that  several  of  the  branches  of 
the  craft  here  treated  upon  are  almost  entirely  without  English  Manuals  for  the  guidance 
of  workers.     The  price  brings  it  within  the  reach  of  all." — Dyer  and  Calico-Printer. 

"  Mr.  Hurst's  woric  dhcidkdlv  fills  a  want  ,  .  .  ought  to  be  in  the  hands  of 
avKRV  GARMENT  DYER  and  clcauer  in  the  Kingdom" — Textile  Mercury. 
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INTRODUCTORY  SCIENCE  SERIES.  85 

"  Boys  COULD   NOT  HAVE  A   MORE  ALLURING  INTRODUCTION    tO  scientific  pursuit* 

bhan  these  charming-looking  volumes."— Letter  to   the   Publishers  from  the  Head- 
master of  one  of  our  great  Public  Schools. 

Handsome  Cloth,  7s.  6(i.     Gilt,  for  Presentation,  Ss.  6d. 

OPEHIH  STUDIES  \t  BOT0Y: 

SKETCHES    OP    BRITISH    WILD    FLOWERS 

IN  THEIR  HOMES. 

By  R.    LLOYD    PRAEGER,   B.A.,   M.R.LA. 

Illustrated  by  Drawings  from  Nature  by  S.  Rosamond  Praeger. 
and  Photographs  by  R.  Welch. 

General  Contents. — A  Daisy-Starred  Pasture— Under  the  Hawthorna 
—By  the  River — Along  the  Shingle — A  Fragrant  Hedgerow — A  Connemara 
Bog — Where  the  Samphire  grows — A  Flowery  Meadow — Among  the  Corn 
(a  Study  in  Weeds) — In  the  Home  of  the  Alpines — A  City  Rubbish-Heap— 
Glossary. 

"A  FRESH  AND  STIMULATING  book  .  .  .  should  take  a  high  place  .  .  .  The 
Illustrations  are  drawn  with  much  skill."— T^  Times. 

"Beautifully  illustrated.  .  .  .  One  of  the  most  accurate  as  well  aa 
INTERESTING  books  of  the  kind  we  have  s,eQi\."—Athenceum. 

"Redolent  with  the  scent  of  woodland  and  meadow."— TAe  Standard. 


With   12  Full-Page  Illustrations  from   Photographs.     Cloth. 
Second  Edition,  Revised.      8s.    6d. 

mtM  STUDIES  I]l  GEOLOGY: 

An  Introduction  to  Geologry  Out-of-doors. 
By    GRENYILLE    A.    J.    COLE,    F.G.S.,   M.R.LA., 

Professor  of  Geology  in  the  Koyal  College  of  Science  for  Ireland, 
and  Examiner  in  the  University  of  London. 

General  Contents. — The  Materials  of  the  Earth — A  Mountain  Hollow 
— Down  the  Valley — Along  the  Shore — Across  the  Plains — Dead  Volcanoes 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  Hills— The 
Folds  of  the  Mountains. 

"The  FASCINATING  ' QpBN-AiB  STUDIES'  of  Prof.  Oolb  givo  the  subject  a  glow  or 
ANIMATION    .    .    .    cannot  fail  to  arouse  keen  interest  in  geology."— Oeologicai  Afagazme. 

"A  CHARMING  BOOK,  beautifully  Illustrated." —^/AerewMOT. 


Beautifully  Illustrated.     With  a  Frontispiece  in  Colours,  and  Numerous 
Specially  Drawn  Plates  by  Charles  Whymper.     7s.  6d. 

OPEp-fllH  STUDIES  \t  BIHD-LIFE: 

SKETCHES  OF  BRITISH  BIRDS  IN  THEIR  HAUNTS. 
By    CHARLES    DIXOK 

The  Spacious  Air.— The  Open  Fields  and  Downs.— In  the  Hedgerows.— On 
Open  Heath  and  Moor.— On  the  Mountains. — Amongst  the  Evergreens. — 
Copse  and  Woodland.— By  Stream  and  Pool.— The  Sandy  Wastes  and  Mud- 
flats.—Sea-laved  Rocks.— Birds  of  the  Cities.— Index. 

"Enriched  with  excellent  illustrations.  A  welcome  addition  to  all  libraries."'— W^«/- 
minster  Review. 
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Twenty-third  Annual  Issue.     Handsome  cloth,  78.  6d. 
(To   Subscribers,   6s.). 

THE     OFFICIAL     YEAR-BOOK 

OF   THB 

SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 
AND  IRELAND. 

COMPILED  FROM  OFFICIAL  SOURCES. 

Gomprising  {together  with  other  Official  Information)  LISTS  of  the 
PAPERS  read  during  the  Session  1905-1906  before  all  the  LEADING 
SOCIETIES  throughout  the  Kingdom  engaged  in  the  following  Depart- 
ments of  Research : — 


§  t.  Science  Generally:  i.e..  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

§  2.  Mathematics  and  Physics. 

§  3.  Chemistry  and  Photography. 

§  4.  Geology,  Geography,  and  Mineralogy. 

I  $.  Biology,  including  Microscopy  and  An- 
thropology. 


§   6.  Economic  Science  and  Statistics. 

§   7.  Mechanical  Science,  Engineering,  and 

Architecture. 
§  8.  Naval  and  Military  Science. 
8    9.  Agriculture  and  Horticulture. 
§  10.  Law. 
§11.  Literature. 
§  12.  Psychology. 
§  13.  Archaeology. 


§14.  Medicine. 


"Fills  a  very  real  want." — Engineering. 

"  Indispensable  to  any  one  who  may  wish  to  keep  himself 
abreast  of  the  scientific  work  of  the  day." — Edinburgh  Medical 
Journal. 

"  The  Year-Book  of  Socibtibs  is  a  Record  which  ought  to  be  of  the  greatest  use  for 
the  progress  of  Science."— Z,gr<f  Play/air,  F.R.8.,  K.C.B.,  M.P.,  Past-President  of  the 
British  Association. 

"  It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  time 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk." — TA^  Times. 

"  British  Societies  are  now  well  represented  In  the  '  Year-Book  of  the  Scientific  and 
Learned  Societies  of  Great  Britam  and  Ireland. '"—{Art.  "Societies"  in  New  Edition  of 
"  Encyclopaedia  Britannica,"  vol.  xxii.) 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.     Also  Copies  of  the  Issues  following. 


The  VKAR-BOOK  OF  SOCIETIES  forms  a  complete  index  to  the  scientific  work  of  the 
sessional  year  in  the  various  Departments.  It  is  used  as  a  Handbook  in  all  our  g^reat 
Scientific  Centres,  Museums,  and  Libraries  throughout  the  Kingdom,  and  has  become 
an  indispensable  book  of  reference  to  every  one  engaged  in  Scientific  Work. 

READY  IN  OCTOBER  EACH  YEAR. 
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